
J Electr Eng Technol Vol. 9, No. 1: 280-285, 2014 
http://dx.doi.org/10.5370/JEET.2014.9.1.280   

 280 

Characteristics of Insulation Diagnosis and Failure in Gas Turbine 
Generator Stator Windings 

 
 

Hee-Dong Kim† 
 

Abstract – In order to evaluate the insulation deterioration in the stator windings of five gas turbine 
generators(137 MVA, 13.8 kV) which has been operated for more than 13 years, diagnostic test and 
AC dielectric breakdown test were performed at phases A, B and C. These tests included 
measurements of AC current, dissipation factor, partial discharge (PD) magnitude and capacitance. ΔI 
and Δtanδ in all three phases (A, B and C) of No. 1 generator stator windings showed that they were in 
good condition but PD magnitude indicated marginally serviceable and bad level to the insulation 
condition. Overall analysis of the results suggested that the generator stator windings were indicated 
serious insulation deterioration and patterns of the PD in all three phases were analyzed to be internal, 
slot and spark discharges. After the diagnostic test, an AC overvoltage test was performed by gradually 
increasing the voltage applied to the generator stator windings until electrical insulation failure 
occurred, in order to determine the breakdown voltage. The breakdown voltage at phases A, B and C 
of No. 1 generator stator windings failed at 28.0 kV, 17.9 kV, and 21.3 kV, respectively. The 
breakdown voltage was lower than that expected for good-quality windings (28.6 kV) in a 13.8kV 
class generator. In the AC dielectric breakdown and diagnostic tests, there was a strong correlation 
between the breakdown voltage and the voltage at which charging current increases abruptly (Pi1, Pi2). 
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1. Introduction 
 
Sudden electrical breakdown of the stator winding in a 

generator under operation can result in significant financial 
losses to utilities due to unplanned trouble, and can 
seriously harm the reliability of the power system. Failures 
in generator stator windings occur as a result of insulation 
deterioration initiated by voids that are created in the 
insulation material from the combined effects of thermal, 
electrical, mechanical, and environmental stresses during 
long-term operation [1, 2]. 

Many on-line and off-line insulation diagnostic tests 
have been developed and used over a long period of time 
for insulation quality assessment. Some commonly used 
off-line tests for verifying the condition of the insulation 
include the insulation resistance, polarization index (PI), 
AC current, dissipation factor, and partial discharge (PD) 
tests whose results are comprehensively analyzed to 
evaluate the overall insulation deterioration. These 
diagnostic tests are also performed regularly in Korea for 
assessing the insulation condition of generator stator 
windings, and the Japanese deterioration judgment 
criterion has been used for assessment [3, 4]. 

In this paper, diagnostic and AC dielectric breakdown 

tests were carried out on stator windings of five gas turbine 
generators (137 MVA, 13.8 kV) in a thermal power plant. 
The insulation condition of generator stator windings was 
assessed by analyzing the correlation between breakdown 
voltage and electrical characteristics of the diagnostic test. 

 
 

2. Experimental Procedure 
 
Five gas turbine generators (137 MVA, 13.8 kV) had 

been in service for more than 13 years. These five 
generators with air cooled systems were manufactured by 
the same company.  

The diagnostic test included measurements of polarization 
index (PI), AC current, dissipation factor (tanδ) and partial 
discharge (PD) magnitude. PI was measured using an 
automatic insulation tester (Megger, S1-5010) at DC 5 kV 
for each motor before applying AC voltage to the stator 
windings. Devices such as the mobile insulation diagnosis 
& analyzing system (MIDAS, Tettex Instruments, 2880), 
coupling capacitor (Tettex Instruments, 9,000 pF) and PD 
detector (Robinson, DDX 9101) were used to measure the 
AC current, dissipation factor and PD magnitude. AC 
voltage was applied to the generator stator windings 
through a MIDAS connected to the windings while the 
coupling capacitor amplified the signals from the windings 
by sending it to the broadband matching unit (Tettex 
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Instruments, 9103) for the PD detector to analyze the PD 
magnitude and pattern. The frequency band of the PD 
detector ranged from 30 kHz to 400 kHz. Since the 
magnitude of the PD in No. 1 generator stator windings 
ranges between 21,900 and 141,000 pC at 1.25 times of the 
line-to-ground voltage, it was measured in a thermal power 
plant where background noise ranged between 740 and 820 
pC. The diagnostic and AC dielectric breakdown tests were 
carried out on the stator windings from No. 1 generator at a 
voltage between 1.0 to 28.0 kV. After the diagnostic tests 
were completed, a variable HV supply (AC 50 kV) was 
used to gradually increase the AC voltage applied to each 
phase of generator in 1 kV intervals until electrical 
breakdown occurred in the stator windings to measure the 
AC current, dissipation factor and the breakdown voltage. 
The diagnostic test method provides a good estimate of the 
breakdown voltage for generator stator insulation. 

 
 

3. Test results and Discussion 
 
The insulation condition indicators measured from the 

diagnostics tests include the PI, the increase rate of 
charging current (ΔI), the increase of dissipation factor 
(Δtanδ), the maximum PD magnitude and the voltage at 
which charging current increases abruptly (Pi1, Pi2) : the 
first turning point voltage (Pi1) and the second turning point 
voltage (Pi2). The insulation condition can be assessed by 
comparing the diagnostic test results between the three 
phases of generator stator windings [5]. 

The PI will also tend to be high, in the range of 6.32 to 
7.18 as shown in Table 1. The PI (above 2.0) of generator 
indicated that the stator windings are suitable for 
overvoltage testing [6]. Fig. 1 shows the change in current 
where the three phases encapsulated AC voltage was 
gradually increased in No. 1 generator until insulation 
breakdown occurred. As can be seen from Fig. 1, there are 
two turning points (Pi1, Pi2) where AC current soared 
suddenly. As summarized in Table 1, ΔI at 13.8kV ranged 
among 6.48%, 9.51%, and 6.71%, respectively. The ΔI of 
below 12% in a 13.8 kV generator is usually considered to 
indicate healthy insulation [7]; however, generator was 
determined to be in good condition because their ΔI was 
low with values between 6.48% and 9.51% at 13.8 kV.  

The Pi1 voltage in phases A, B, and C of generator was 
4.8 kV, 3.0 kV and 4.0 kV, respectively, and their Pi2 
voltage were 10.2 kV, 6.1 kV, and 9.3 kV, respectively. As 
the shown in Fig. 1, the AC current vs. voltage traces for 
generator was almost linear. These results indicate that the 

stator winding insulation of generator is in good condition.  
The change in the dissipation factor while AC voltage 

applied to the stator winding was gradually increased until 
it reached the breakdown voltage, as shown in Fig. 2. The 
Δtanδ had to be calculated based on the data from a 13.8 
kV generator. As it can be seen from Fig. 2, the dissipation 
factor increased abruptly about 3 kV. As summarized in 
Table 2, Δtanδ in phases A, B, and C of No. 1 generator 
were 3.33%, 4.02% and 3.28%, respectively. According to 
[7], Δtanδ above 6.5% is considered to indicate bad 
insulation condition. Therefore, the insulation condition of 
the stator winding for all three phases of generator was 
assessed to be in good condition because their Δtanδ values 
were below 4.02% at 13.8 kV.  

Table 1. Test results of PI and AC current in No. 1 
generator 

Generator PI ΔI[%] at 13.8 kV Pi1[kV] Pi2[kV] 
Phase A 6.32 6.48 4.8 10.2 
Phase B 7.18 9.51 3.0 6.1 
Phase C 6.55 6.71 4.0 9.3 
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Fig. 1. Comparison of AC current vs. voltage characteristics
in No. 1 generator 
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Fig. 2. Comparison of tanδ vs. voltage characteristics in 

No. 1 generator 
 

Table 2. Test results of dissipation factor and capacitance 
in No. 1 generator 

Generator Δtanδ[%] 
at 13.8 kV

tanδ increase 
voltage 

[kV] 

ΔC[%] 
at 13.8 kV

ΔC 
increase 
voltage 

[kV] 
Phase A 3.33 3 6.51 4 
Phase B 4.02 3 8.91 4 
Phase C 3.28 3 6.65 4 
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The capacitances measured as a function of applied 
voltage (up to 28.0 kV) in three phases of generator stator 
windings is shown in Fig. 3. The ΔC had to be calculated 
based on the data from a generator. As it can be seen from 
Fig. 3, the capacitances increased abruptly about 4 kV. As 
summarized in Table 2, ΔC measurements in phases A, B, 
and C of No. 1 generator were among 6.51%, 8.91% and 
6.65%, respectively. The values of the capacitance and 
dissipation factor in three phases A, B, and C of generator 
increased abruptly at 4 kV and 3 kV test voltages, as shown 
in Figs. 2 and 3.  

The discharge inception voltage (DIV) and PD 
magnitude were measured while three phases encapsulated 
AC voltage was applied to the stator windings and the 
results are summarized in Table 3. The DIV refers to the 
voltage when the PD magnitude starts to exceed the 
background noise level of hundreds of pC, and goes above 
1,000 pC. As can be seen from Figs. 2 and 3, the 
dissipation factor and capacitance increases the range of 
about 3 kV and 4 kV, respectively. DIV is also expected to 
occur within this range. The DIV measurements at the site 
were from 3.2 kV and 3.8 kV, as predicted. Therefore, 
when insulation deterioration occurs in the generator stator 
windings, increasing point of dissipation factor, Pi1 of AC 
current and DIV both decrease, and dielectric breakdown 
voltage also decreases. The PD magnitude in phases A, B, 
and C of No. 1 generator ranged among 21,900, 141,000, 
and 26,300 pC at 10kV (1.25 times of the line-to-ground 

voltage). ΔI and Δtanδ in all three phases (A, B and C) of 
No. 1 generator stator windings showed that they were in 
good condition but PD magnitude indicated marginally 
serviceable and bad level to the insulation condition. The 
PD magnitude below 30,000 pC in phases A and C of 
generator was assessed to be in marginally acceptable 
condition. Periodic diagnostic test is strongly 
recommended for trending the insulation condition of these 
phases. Since the PD magnitude in phase B above 30,000 
pC is considered to indicate bad insulation condition [7].  

The values of the PI, AC current, dissipation factor, and 
PD magnitude in the generator stator windings are shown 
in Tables 1~3. In all three phases of the stator windings, No. 
1 the PI measurements were above 2.0, indicating that the 
stator winding is suitable for overvoltage testing [6]. As 
stated earlier, the ΔI and Δtanδ values in phases A, B, and 
C indicated that the insulation is in good condition, 
whereas the PD magnitude measurements suggested 
marginally serviceable and bad level condition. The point 
at which the dissipation factor in the tanδ-voltage curve 
increased was approximately 1~1.8 kV lower than the 
voltage at which Pi1 appeared in the AC current-voltage 
characteristics. The voltage of the capacitances increased 
abruptly was also similar to the DIV. Therefore, as 
mentioned in the results of the generator stator windings, 
the Pi1 of AC current, the point at which the dissipation 
factor and capacitance increases, and the DIV tend to be 
low when the insulation is bad condition [8].  

After the diagnostic test was completed, an AC 
overvoltage test was performed by gradually increasing the 
voltage applied to the stator windings until electrical 
insulation failure occurred, in order to determine the 
breakdown voltage. The breakdown voltage at all three 
phases (A, B and C) of No. 1 generator stator windings 
failed at 28.0 kV, 17.9 kV, and 21.3 kV, respectively. The 
breakdown voltage was lower than that expected for good-
quality windings (28.6 kV) in a 13.8 kV class generator. 
The actual breakdown voltage of the No. 1 generator stator 
winding was lower than the 2E+1 kV test voltage and the 
dielectric strength of each individual winding is still lower 
[9, 10].  

The PD magnitudes of positive (0°~180°) and negative 
(180°~360°) polarity in phase B of the No. 1 generator 
stator windings are shown in Fig. 4, when AC voltage was 
applied at 8 kV (the line-to-ground voltage) and 10kV. 
Given that the PD magnitudes of positive (0°~90°) and 
negative (180°~270°) polarity are symmetrically similar in 
Fig. 4(a), the PD pattern in phases A, C was attributed to 
internal discharge [8]. Internal discharge occurs in the 
voids created inside the groundwall insulation materials 
after a long period of operation. It accounts for almost 70% 
of PD patterns in generators or high-voltage motors. The 
negative polarity predominance normally indicates slot 
discharge, as illustrated in Fig. 4(b). This discharge 
generates in the air gap, between the magnetic core and the 
side of stator bars [11]. As described above, the PD pattern 
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Table 3. Test results of noise, PD magnitude and 

breakdown voltage in No. 1 generator 

Generator 
System 
Noise 
[pC] 

DIV 
[kV] 

PD Magnitude 
[pC] 
E/√3 

PD Magnitude 
[pC] 

1.25E/√3 

Breakdown 
Voltage 

[kV] 
Phase A 820 3.8 20,500 21,900 28.0 
Phase B 790 3.2 60,200 141,000 17.9 
Phase C 740 3.7 23,000 26,300 21.3 
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was presented internal discharge at 8 kV in phase B. And 
the PD pattern changed slot and spark discharges at 10 kV 
the increase with the voltage. The semiconductive tape on 
one side of the bar was abraded away in phase B, as 
illustrated in Fig. 4(c). As a result of bar vibration, the 
erosion of the coating will leave bare insulation at high 
voltage facing the metallic grounded core [8].  

Fig. 5 shows the surface erosion at the bar end of the 
phase B in No. 1 generator stator windings. The presence 
of discharges at the bar ends causes progressive 
degradation of the semiconducting and voltage grading 
paint surfaces [12]. The semiconducting and voltage 
grading paints are used to suppress surface discharge in the 
slot portion of the winding [11]. Consequently, when the 
phase B of No. 1 generator was dielectric breakdown, 
spark discharge occurs at the bar ends and grading paint 
surfaces as shown in Fig. 4(b). This discharge is presented 
in pulses between positive (0°) and negative (360°) polarity. 

As mentioned above, Table 4 shows the relationship 

between diagnostic test and breakdown voltage among No. 
1 generator and the other four generators. Diagnostic test 
includes AC current, dissipation factor, and PD magnitude. 
Phase B of No. 1 generator which had the highest values in 
AC current, dissipation factor, and PD magnitude showed 
the lowest breakdown voltage of 17.9 kV. Phase C of No. 4 
generator which had the second highest values in PD 
magnitude showed the breakdown voltage of 19.9 kV. 
When phase C of No. 4 generator was dielectric 
breakdown, spark discharge occurs at the bar ends and 
grading paint surfaces like the phase B of No. 1 generator. 
However, when precisely analyzing the relationship 
between results of generator diagnostic test and breakdown 
voltage, it is hard to decide on the matter of rewinding. 
When diagnostic tests on generator stator winding are 
continuously executed, it is useful to analyze trend of 
insulation condition.  

Table 5 shows the relationship among Pi1, Pi2 and 
breakdown voltage. When phase B of No.1 generator had 
the lowest breakdown voltage of 17.9 kV, the Pi1 and Pi2 
were the lowest with 3.0 kV and 6.1 kV, respectively. Also, 
when phase A of No. 5 generator had the highest 
breakdown voltage 37.4 kV, the Pi1 and Pi2 were the highest 
with 6.7 kV and 15.9 kV, respectively. When carefully 
examining the relationship among Pi1, Pi2 and breakdown 

 
Discharge = 60,200 pC 
(a) Voltage = 8 kV 

 

 
Discharge = 141,000 pC 
(b) Voltage = 10 kV 

 

 
(c) Removal of semiconductive tapes 

Fig. 4. PD magnitude of No. 1 generator stator windings

 
Fig. 5. Bar end erosion in No. 1 generator stator windings

 
Table 4. Correlation between diagnostics results and 

breakdown voltages in five generators 

Generator
No. 

ΔI[%] 
at 13.8 kV

Δtanδ[%] 
at 13.8 kV 

PD Magnitude
[pC] 
E/√3 

Breakdown 
Voltage 

[kV] 
A 6.48 3.33 20,500 28.0 
B 9.51 4.02 60,200 17.9 1 
C 6.71 3.28 23,000 21.3 
A 6.06 3.20 25,700 32.0 
B 6.37 3.14 27,000 28.6 2 
C 6.99 3.61 21,400 23.7 
A 8.05 3.53 17,500 33.8 
B 6.58 3.02 13,000 20.5 3 
C 7.51 3.20 21,000 35.6 
A 3.76 1.87 5,800 26.8 
B 4.31 2.04 23,400 23.5 4 
C 4.52 2.41 44,600 19.9 
A 4.39 2.67 8,000 37.4 
B 4.44 2.69 7,400 35.7 5 
C 4.40 2.59 6,400 30.7 
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voltage, an interesting result came up. The higher the 
breakdown voltage, the higher the Pi1 and Pi2 become and 
in a likely manner, the lower the breakdown voltage, the 
lower the Pi1 and Pi2 become. As mentioned above, it is 
only possible to operate when a 13.8 kV class generator 
can endure dielectric strength (28.6 kV) of stator windings 
for one minute. It is possible to continuously operate if 
breakdown voltage is 30.7 kV as in phase C of No. 5 
generator and if the Pi1 and Pi2 measure above 5.0 kV and 
10.7 kV, respectively. As a result, other than the five 
generators that were finished rewinding after breakdown 
test, 11 other generators are in operation. In the future, 
insulation condition on the other 11 generators will be 
evaluated as applied voltage increases to 17.25 kV, which 
is 1.25 times the rated voltage (13.8 kV). If the Pi1 and Pi2 
are measured to be higher than 5.0 kV and 10.7 kV, 
respectively, generators will be kept on operating and if 
they are below, rewinding will be performed.  

 
 

4. Conclusion  
 
In this paper, a number of diagnostic and AC breakdown 

tests have been performed on the stator windings obtained 
from five gas turbine generators in a thermal power plant. 
The conclusions drawn from the tests can be summarized 
as follows:  

The measurements of ΔI and Δtanδ in all three phases 
showed the No. 1 generator stator windings to be in good 
condition, although the PD magnitude measurement 
indicated that the insulation is marginally acceptable and 
bad condition. The overall analysis of the results suggested 
that the No. 1 generator stator windings were in marginally 
serviceable condition and that the PD patterns in all three 
phases could be attributed to internal, slot and spark 
discharges. At 8 kV and 10 kV, when the PD magnitude 
measurements are high, the breakdown voltage in phases A, 
B, and C of No. 1 generator were relatively low among 

28.0 kV, 17.9 kV, and 21.3 kV, respectively.  
The voltage at which capacitance shows an abrupt 

increase is also similar as that of the DIV measurements. 
The point at which the dissipation factor in the tanδ-
voltage curve increased was approximately 1 kV or 1.8 kV 
lower than the voltage at which Pi1 appeared in the AC 
current-voltage characteristics.  

The results of the breakdown tests performed on the 
generator stator windings showed that there was a strong 
positive correlation among the Pi1, Pi2 and the breakdown 
voltage. These results may be used as a guide to assess 
insulation condition of the other 11 generators.  

 
 

Acknowledgements  
 
This research was supported by a grant from the Energy 

Technology Development Program of the Korea Institute 
of Energy Technology Evaluation and Planning (KETEP), 
funded by the Korean government’s Ministry of 
Knowledge Economy (No. 2010-1010-10027B). 

 
 

References 
 

[1] Hee-Dong Kim, “Analysis of Insulation Aging 
Mechanism in Generator Stator Windings”, Journal 
of the KIEEME, Vol. 15, No. 2, pp. 119 -126, 2002.  

[2] Hee-Dong Kim, “Assessment of Insulation Condition 
in Operating Large Turbine Generator”, Trans. KIEE, 
Vol. 53C, No. 6, pp. 324-329, 2004.  

[3] Hee-Dong Kim, Tae-Sik Kong, Young-Ho Ju and 
Byong-Han Kim, “Analysis of Insulation Quality in 
Large Generator Stator Windings”, Journal of 
Electrical Engineering & Technology, Vol. 6, No. 2, 
pp. 384-390, 2011. 

[4] Y. Ikeda and H. Fukagawa, “A Method for Diagnosing 
the Insulation Deterioration in Mica-Resin Insulated 
Stator Windings of Generator”, Yokosuka Research 
Laboratory Rep. No. W88046, 1988.  

[5] B.K. Gupta and I.M. Culbert, “Assessment of 
Insulation Condition in Rotating Machine Stators”, 
IEEE Trans. on Energy Conversion, Vol. 7, No.3, pp. 
500-508, 1992.  

[6] G.C. Stone, “Recent Important Changes in IEEE 
Motor and Generator Winding Insulation Diagnostic 
Testing Standards”, IEEE Trans. on Industry Appli-
cations, Vol. 41, No. 1, pp. 91-100, 2005.  

[7] H. Yoshida and U. Umemoto, “Insulation Diagnosis 
for Rotating Machine Insulation”, IEEE Trans. on 
Electrical Insulation, Vol. EI-21, No. 6, pp. 1021-
1025, 1986. 

[8] C. Hudon and M. Belec, “Partial Discharge Signal 
Interpretation for Generator Diagnostics”, IEEE 
Trans. on Dielectrics and Electrical Insulation, Vol. 
12, No. 2, pp. 297-319, 2005. 

[9] H.G. Sedding, R. Schwabe, D. Levin, J. Stein and 

Table 5. Correlation among Pi1, Pi2 and breakdown voltages
in five generators 

Generator 
No. Pi1[kV] Pi2[kV] Breakdown Voltage 

[kV] 
A 4.8 10.2 28.0 
B 3.0 6.1 17.9 1 
C 4.0 9.3 21.3 
A 5.0 10.9 32.0 
B 4.9 10.4 28.6 2 
C 4.0 9.0 23.7 
A 5.0 11.0 33.8 
B 4.0 8.7 20.5 3 
C 5.8 11.7 35.6 
A 4.5 11.2 26.8 
B 4.0 9.1 23.5 4 
C 3.7 8.5 19.9 
A 6.7 15.9 37.4 
B 5.8 11.8 35.7 5 
C 5.0 10.7 30.7 

 



Hee-Dong Kim 

 285 

B.K. Gupta, “The Role of AC & DC Hipot Testing in 
Stator Winding Aging”, IEEE EIC/EMCW Con-
ference, pp. 455-457, 2003. 

[10] J.E. Timperley, and J.R. Michalec, “Estimating the 
Remaining Service Life of Asphalt-Mica Stator 
Insulation”, IEEE Trans. on Electrical Conversion, 
Vol. 9, No. 4, pp. 686-694, 1994. 

[11] J.H. Dymond, N. Stranges, K. Younsi and J. E. 
Hayward, “Stator Winding Failures: Contamination, 
Surface Discharge, Tracking”, IEEE Trans. on Industry 
Applications, Vol. 38, No. 2, pp. 577-583, 2002.  

[12] R. Morin and R. Bartnikas, “A Three-Phase Multi-
Stress Accelerated Electrical Aging Test Facility for 
Stator Bars”, IEEE Trans. on Energy Conversion, Vol. 
15, No.2, pp. 149-156, 2000.  

 
 
 

Hee-Dong Kim He received his B.S., 
M.S., and Ph.D. degrees in Electrical 
Engineering from Hongik University, 
Seoul, Korea, in 1985, 1987, and 1998, 
respectively. Since 1990, he has been 
working for the Korea Electric Power 
Corporation (KEPCO). He is currently 
a Principal Researcher with KEPCO 

Research Institute, Daejeon, Korea. He was a Visiting 
Researcher with the Department of Electrical Engineering, 
Kyushu Institute of Technology, Kitakyushu, Japan. His 
research interests include aging mechanisms, diagnostic 
tests, partial discharge testing, life assessment for rotating 
machines, and cable insulation systems. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


