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Abstract 
 

The paper presents results of deformational tests conducted on the real 
transformer. The aim of the research was to compare the influence of 
various winding deformations on the frequency response measured in 
standard end-to-end connection setup as well as in interwinding setup. The 
results showed that for all kinds of simulated deformations interwinding 
measurements show changes in wide frequency range. In many cases these 
changes are easier to be detected than for end-to-end measurements. It is 
recommended to perform interwinding measurements for transformers 
having changes in frequency response after standard end-to-end tests.  
 
Keywords: Frequency Response Analysis, Transformer, Winding, 
Deformation. 
 

Czułość pomiarów odpowiedzi  
częstotliwościowej uzwojeń transformatorów 
w zależności od układu pomiarowego 

 
Streszczenie 

 
W artykule przedstawiono wyniki badań mających na celu określenie 
wpływu lokalizacji i skali deformacji w uzwojeniu transformatora na jego 
odpowiedź częstotliwościową, której pomiar realizowany był w kilku 
różnych układach pomiarowych. Standardowym układem pomiarowym, 
zalecanym również przez wprowadzaną właśnie normę IEC 60076-18, jest 
pomiar pomiędzy końcami uzwojenia danej fazy. Przedstawione  
w artykule wyniki pomiarów przy różnych deformacjach, wskazują że 
większą czułość wykazuje układ międzyuzwojeniowy. Jest on realizowany 
przy podłączeniu aparatury pomiarowej na wejścia uzwojeń strony niskiej 
oraz wysokiej danej fazy, przy przeciwnych końcach otwartych (dla tzw. 
pomiaru pojemnościowego) lub uziemionych (dla tzw. pomiaru 
indukcyjnego). Dlatego zaleca się wykonywanie takich pomiarów  
w przypadkach, gdy podstawowy pomiar pomiędzy końcami uzwojenia 
(tzw. end-to-end) wskaże na różnice pomiędzy przebiegami referencyjnym 
oraz aktualnym dla danej fazy. W przypadkach braku różnic dla 
standardowego układu wykonywanie pomiarów międzyuzwojeniowych 
nie jest konieczne. 
 
Słowa kluczowe: Analiza odpowiedzi częstotliwościowej (FRA), 
transformator, uzwojenie, deformacja. 
 
1. Introduction 
 

The well known problem in power industry asset management 
is reaching constructional lifetime by over half of transformers 
operated in Europe or the USA. The lack of investments in the 
assets in the last years has led to an increase in failure risk in 
power systems [1]. Therefore, it is very important to acquire 
detailed information on technical condition of transformers 
population in order to plan maintenance actions, repairs or 
replacements with the aim of avoiding failures.   

Asset Managers are willing to prioritize investments on assets 
according to their technical condition and importance on the 
system. The technical condition can be determined by means of  

a condition assessment (CA) of the asset, where CA consists in the 
performance of a set of diagnostic tests for diagnosing the 
healthiness state of an asset and estimating its present position in 
its life cycle [2].  

There are different diagnostic methods that can be applied to 
CA of the active part: dissolved gases analysis (DGA), winding 
resistance, transformer ratio, exciting current, short-circuit 
impedance, etc. Among these methods, the Frequency Response 
Analysis (FRA) have got popularity in the last years, mainly due 
to its capabilities to detect mechanical failure modes in the active 
part, although electrical and some thermal failure modes can also 
be detected by FRA. Typical examples of mechanical failure 
modes are: winding displacement (both radial and axial) or lead 
deformations. 

Applicability of FRA method and various techniques of test 
systems and connection setups have also been widely discussed in 
[3-4]. At the current stage of the FRA method it is possible to 
perform repetitive results thanks to the use of suitable connection 
techniques, which is summarized in CIGRÉ document [5] in 
which recommendations are provided and at the present the IEEE 
(PC57.149/D8) and the IEC PT 60076-18 are working on the 
elaboration of standards under which test procedures and FRA 
instrument requirements are established. 

The still pending problem of the FRA method is the 
interpretation of test results. In the majority of the cases the 
interpretation relies on human experts who analyze the results 
based on their experience and by access to large database of FRA 
measurements of transformers having well known failure modes. 
The results are assessed by comparing an actual FRA 
measurement to a reference, where the reference can be  
a fingerprint previously measured in the transformer under 
analysis or a FRA test performed in sister/twin transformers. 
Alternatively, when such reference tests are not available,  
a comparison among phases can be done for the assessment. 
However, this last option can lead to misleading assessment 
because the FRA response of the phases is not always similar.  

In order to contribute to the interpretation of FRA 
measurements, different research works have been conducted by 
other authors. The research efforts can be grouped in four 
directions: investigation on the sensitivity of the FRA method by 
means of computer simulations and experimental deformations of 
coils [6-7], investigation of factors affecting the reproducibility [5-
9], mathematical and physical modeling techniques [10-11] and 
use of statistical algorithms for automatic assessment [12-13]. 

From the literature review a lack of experimental works 
showing the effects of mechanical deformations on the FRA 
response have been identified. This motivated research works 
under which mechanical deformations are simulated in real 
transformer windings under controlled conditions as an attempt to  
characterization of the effects of such deformations of the FRA 
response. The idea was to perform deformations on a real 
transformer to provide useful information on influence of failure 
modes, which can be helpful for results analysis. By simulating 
deformations at different locations of the winding of different size 
transformers it was possible to identify specific patterns of 
deviations.  

Another problem is selection of a measurement configuration. 
The most popular setups are end-to-end and inter-winding 
measurements. The end-to-end measurement is performed on  
a single phase winding with a signal applied to one end and the 
response measured on the other side, with the secondary (or 
tertiary) winding left open or shorted. The inter-winding 
measurement is based on applying a signal to one end of the 
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primary winding and a measurement taken on the end of the 
secondary winding of the same phase, with other ends of both 
windings left open (capacitive inter-winding measurement) or 
shorted and grounded (inductive inter-winding measurement). In 
the industrial practice measurements are usually limited to the 
end-to-end measurement. Also the new standard on the FRA (IEC 
60076-18) will recommend performing only the end-to-end, as 
standard, measurement with possibility of adding other 
measurement configurations. However, there should be a question 
asked whether some important information would be lost by 
applying only the end-to-end measurement? The experiment 
results described in this paper are trying to find the answer to this 
question. 

 
2. Test object and methodology  

of measurements 
 

The transformer used for experiment was a dry type unit with 
the following parameters: type of T3Ch/D800/6, power of 800 
kVA, voltages of  6300/400V, group of Dy5. 

In this transformer the failure modes listed in Table 1 were 
simulated and the four types of FRA tests were performed (end-to-
end open, end-to-end shorted, inter-winding capacitive, inter-
winding inductive). A detailed description of the FRA setups is 
omitted in this paper. For details see reference [5]. The 
transformer is air cooled type, so it was measured in its normal 
operating state, in the original casing. 

 
Tab. 1.  Failure modes simulated in the test transformer 
Tab. 1.  Deformacje symulowane w badanym transformatorze 
 

ID Simulated failure Description 

A Axial deformation Top discs of the high voltage 
winding were compressed by 
removing spacers between discs, 
starting from discs 1-2, up to 1-10 

B Axial deformation The first disc was lifted up 4, 8 or 12 
mm by inserting spacers between 
discs 

C Axial deformation Ten top discs were lifted up, 
increasing gap under the tenth by 4, 
8 or 12 mm 

D Radial deformation Complete discs were shifted 2 cm to 
the side, without changes in their 
radial geometry 

 
 

 
 

Fig. 1.  The example of axial deformation (B) 
Rys. 1.  Przykładowa deformacja poosiowa uzwojenia (typ B) 

 
All measurements were taken with a commercial FRA test 

device with a standard set of cables and clamps connected to the 
original transformer bushings. All deformations were taken on the 
outer winding (HV winding). For the end-to-end measurement the 

signal was applied to the winding beginning and measured on the 
other side, however as this is a delta connected winding, part of 
the signal flowed through the other phases as well. For interwindig 
measurements the signal was applied to the beginning of the HV 
winding and measured on the beginning of the LV winding. The 
other ends of both windings were left open for a capacitive 
measurement and were grounded for an inductive test. 
 
3. Results of deformation tests 
 

In the case of the transformer used for the experiment, all types 
of deformations resulted in changes in frequencies above approx. 
200 kHz, therefore all graphs used for the analysis show only 
ranges of frequencies in which the changes were visible. The full 
measurement range is shown in Figs. 2 and 3. 

 

 
 
Fig. 2.  The full frequency range of interwinding measurements. Differences 

between the curves for  the reference measurement and after deformations 
are visible only above approx. 200 kHz 

Rys. 2.  Pełne spektrum częstotliwości dla pomiarów międzyuzwojeniowych. 
Różnice w przebiegach referencyjnym i z deformacjami widoczne są dla 
zakresu powyżej ok. 200 kHz 

 

 
 
Fig. 3.  The full frequency range of end-to-end measurements. Differences between 

the curves for the reference measurement and after deformations are visible 
only above approx. 200 kHz 

Rys. 3.  Pełne spektrum częstotliwości dla pomiarów między końcami uzwojenia. 
Różnice w przebiegach referencyjnym i z deformacjami widoczne są dla 
zakresu powyżej ok. 200 kHz 

 
In the further analysis of the measured data the exact positions 

of resonances will not be taken under consideration, as each 
transformer has its own original response and such conclusions 
would not be helpful for wider application. The research is 
focused on the general influence of various deformations on 
different test setups. 
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A. Axial deformation (A) 
 
The first deformation discussed in this paper is the axial 

deformation (A), based on compression of the winding. It is 
presented in Fig. 5. In the real case such a deformation may occur 
when solid insulation is aged and has lost its elasticity. Pressing of 
the winding may become insufficient and some spacers might be 
lost, after e.g. short-circuit. Finally, this can result in reducing the 
distance between the winding discs.  

As it can be observed on the graph, such a deformation gives 
many changes in the frequency response in a wide spectrum of 
frequency for all three connection setups: standard end-to-end, 
interwinding capacitive and interwinding inductive. There are 
changes in damping and also shifts of resonance points along the 
frequency. These changes are caused by the fact that this situation 
influences the parameters referring to the damaged winding, 
especially the capacitance between turns and mutual inductances, 
but also the parameters connected with the other winding – 
interwinding capacitances and magnetic couplings. Therefore it 
should be easy to identify the deformation similar to the simulated 
one, by finding many changes in damping and resonant 
frequencies in end-to-end and interwinding measurements. 

 

 
 
Fig. 4.  The influence of axial deformation (A) on the frequency response  

in three connection setups 
Rys. 4.  Wpływ deformacji poosiowej (A) na odpowiedź częstotliwościową  

w trzech układach połączeń 

 

 
 
Fig. 5.  The influence of axial deformation (B) on the frequency response  

in three connection setups  
Rys. 5.  Wpływ deformacji poosiowej (B) na odpowiedź częstotliwościową  

w trzech układach połączeń 

 

B. Axial deformation (B) 
 
Another case simulated in the experiment was lifting the top 

disc (deformation B). It is also related to loosening the winding 
compression and creating some space for the top turns of the coil 
to shift up during a high current event. 

The influence of such a deformation is shown in Fig. 5. It can 
be seen that this time the end-to-end measurement gave smaller 
differences in FRA curves, especially if compared to the 
capacitive interwinding measurement. In the case of single disc 
axial displacement, the electric and magnetic parameters between 
two windings have stronger influence on the response measured in 
the parallel direction than the serial parameters of the HV 
winding. In all the three measurement setups 12 mm shift is better 
visible than 4 mm, confirming that the displacement is the cause 
of changes visible on the graph. The affected frequencies are very 
wide for the interwinding measurement and the changes are 
mainly in damping, without a shift along the frequency. 

 
C. Axial deformation (C) 

 
The third case was similar to the previous one, however ten top 

discs were shifted (deformation C). Such a change of the disc gap 
size can be caused either by lifting the winding part, as described 
in the case B, or by lowering the bottom part. The measurement 
results are given in Figs. 6 and 7. The first one presents the 
influence of the deformations of different scale occurred in the 
same disc, while the other shows three deformations of the same 
scale located at three heights of the winding – at the top, ¾ of the 
height and in the half. 

 

 
 
Fig. 6.  The influence of axial deformation (C) on the frequency response  

in three connection setups; various scale of the deformation in the  
same place 

Rys. 6.  Wpływ deformacji poosiowej (C) na odpowiedź częstotliwościową  
w trzech układach połączeń; dla różnych rozmiarów deformacji  
w tym samym miejscu 

 
Similarly to the previous case, based on the same type of 

deformation, both interwinding measurements show bigger 
changes in the wide frequency spectrum than the end-to-end 
measurement. It is also connected with the influence of particular 
parallel and serial electric and magnetic parameters on the 
measured frequency response, as explained in the previous case. 
The shape change of the recorded FRA curve is only in damping, 
especially seen for the inductive measurement. This is related to 
the strong change of magnetic couplings between two windings. 
This effect is probably most visible when the axial shift height is 
different from the distance between two discs (e.g. their top 
points).  
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Fig. 7.  The influence of axial deformation (C) on the frequency response  

in three connection setups; the same deformation in three locations 
Rys. 7.  Wpływ deformacji poosiowej (C) na odpowiedź częstotliwościową  

w trzech układach połączeń; taka sama deformacja w różnych  
miejscach uzwojenia 

 
D. Radial deformation (D) 

 
The fourth type of winding deformation was radial 

displacement (D). To allow repeatability in the experiment, the 
whole disc was shifted to the side, without changing its circular 
shape. In real cases of such failures the disc geometry is usually 
changed by radial bulking in one or many directions. The results 
of these measurements are given in Fig. 8. 

This time changes in the frequency response are visible in the 
same range in all the three connection setups. The influence of 
both serial and parallel parameters is at the same level.  

 

 
 
Fig. 8.  The influence of radial deformation (D) on the frequency response  

in three connection setups 
Rys. 8.  Wpływ deformacji promieniowej (D) na odpowiedź częstotliwościową  

w trzech układach połączeń 
 

 
4. Conclusions 
 

On the basis of the performed experimental test it can be 
concluded that interwinding measurements are more sensitive to 
deformations in the winding than end-to-end measurements. Only 
in some cases it was observed that the interwinding measurements 
showed the same level of changes of the FRA curve as the 
standard end-to-end setup. For the interwinding tests the 
differences between the reference and deformation test curves are 

seen in the wide frequency range, making it easier to be detected. 
It can be also noted that for most deformations tested in the 
experiment there were only changes in the damping of the 
frequency response, while in the case of winding compression 
there were also frequency shifts of the resonant points. This 
allowed determining the general type of deformation in the 
winding. It can be suggested that the use of pattern recognition 
techniques might be applicable to development of automatic tools 
for assessment of FRA tests. 

Another important conclusion is that in the cases of even very 
slight changes in the frequency response curve, measured in the 
standard end-to-end connection setup, it is worth taking  
measurements also in the interwinding connection setup. The 
information obtained from both kinds of measurement results 
would allow easier detection and identification of mechanical 
deformations in a transformer winding. 

 
The research was financed by Polish National Science Center,  
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winding deformations on the base of frequency response measurements”. 

 
5. References 
 
[1] Malewski R., Subocz J., Szrot M., Płowucha J., Zaleski R.: Condition 

assessment of medium-power transformers using diagnostic methods: 
PDC, FDS, FRA to support decision to modernize or replace service-aged 
units, CIGRE 2008 Plenary Session, Paris, 2008, Paper No. A2-209. 

[2] Velasquez Contreras J.L.: Intelligent Monitoring and Diagnosis of Power 
Transformers in the Context of an Asset Management Model, Doctoral 
Thesis, Polytechnic University of Catalonia, Barcelona July 2011. 

[3] Jayasinghe J.A.S.B., Wang Z.D., Jarman P.N., Darwin A.W.: Winding 
movement in power transformers: a comparison of FRA measurement 
connection methods, IEEE Transactions on Dielectrics and Electrical 
Insulation, Vol. 13, Issue 6, pp.1342-1349. 

[4] Christian J., Feser K.: Procedures for Detecting Winding Displacements 
in Power Transformers by the Transfer Function Method, IEEE 
Transactions on Power Delivery, vol. 19, no. 1, 2004, pp. 214-220. 

[5] Mechanical-Condition Assessment of Transformer Windings Using 
Frequency Response Analysis (FRA), Report of CIGRE Working 
Group A2.26, 2008. 

[6] Ryder S.A.: Diagnosing Transformer Faults Using Frequency 
Response Analysis, IEEE Electrical Insulation Magazine, 2006, pp.16-22.  

[7] Wang Z.D., Li J., Sofian D.M.: Interpretation of Transformer FRA 
Responses-Part I: Influence of Winding Structure, IEEE Transactions 
on Power Delivery, Vol. 24, No. 2, 2009, pp. 703-709. 

[8] Wang M., Vandermaar A.J., Srivastava K.D.: Transformer Winding 
Movement Monitoring in Service - Key Factors Affecting FRA 
Measurements, IEEE Electrical Insulation Maga-zine, Vol. 20, No. 5, 
2004, pp. 5-12. 

[9] Abeywickrama N., Serdyuk Y.V., Gubanski S.M.: Effect of Core 
Magnetization on Frequency Response Analysis (FRA) of Power 
Transformers, IEEE Transactions on Power Delivery, Vol. 23, No. 3, 
2008, pp. 1432-1438. 

[10] Florkowski M., Furgał J.: Modelling of winding failures identification 
using the Frequency Response Analysis (FRA) method, Elect. Power 
Syst. Res., Vol. 79,No. 7, 2009, pp. 1069–1075. 

[11] Bjerkan E.: High Frequency Modeling of Power Transformers. 
Stresses and Diagnostics, Doctoral Thesis, Norwegian University of 
Science and Technology, 2005. 

[12] Wimmer R., Tenbohlen S., Heindl M., Kraetge A., Krüger M., 
Christian J.: Development of algorithms to assess the FRA, 
Proceedings of 15th Int. Symp. High Voltage Engineering, Ljubljana, 
Slovenia, 2007, Paper no. T7-523. 

[13] Rahimpour E., Jabbari M., Tenbohlen S.: Mathematical Comparison 
Methods to Assess Transfer Functions of Transformers to Detect 
Different Types of Mechanical Faults, IEEE Transactions on Power 
Delivery, Vol. 25, No. 4, 2010, pp. 2544-2555. 

 
_____________________________________________________ 
otrzymano / received: 27.11.2012  
przyjęto do druku / accepted: 02.01.2013 artykuł recenzowany / revised paper 

 



<<
  /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


