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Fault Detection and Ride Through of CHB Converter-Based Star-Connected

STATCOM Through Exploring the Inherent Information of Multiloop
Controllers

Yuanhui Chen

Abstract—A simple detection and ride-through operation ap-
proach is proposed for star-connected cascaded H-bridge (CHB)
converter-based STATCOM:s with a single IGBT open circuit fault.
It adopts a modified current regulator with high gains at both
dc and fundamental frequencies. Then, the output signals of the
current regulator branches and the dc voltage balancing regulator
are synthesized as an inherent indicator to quickly determine the
position of the open-circuit fault IGBT. With this approach, the
controller can also be considered as an inherent system state mon-
itor, but without any additional sensors or computing burdens. Af-
terwards, in the ride-through operation stage, the faulty H-bridge
module can switch to half-bridge operation and the corresponding
dc offset voltage is compensated by the remaining healthy modules.
It has been validated that the proposed approach is accurate in
various conditions, including grid voltage and load disturbances.

Index Terms—Cascaded h-bridge (CHB)converter,
detection, fault ride through.

fault

I. INTRODUCTION

LTHOUGH with a grid-friendly stair-case output voltage
A waveform and direct medium voltage integration, a cas-
caded H-bridge (CHB) converter based STATCOM suffers from
a high possibility of power switch faults as a large number
of low voltage IGBTs are used in this topology. In various
types of switch fault, a single IGBT open circuit fault is the
most commonly seen [1], which can happen due to bond wire
breaking, missing gating signals, etc. [2]. Accordingly, in the
previous research, attention has been focused on the detection
of asingle IGBT open circuit fault and the ride-through operation
of the postfaulty system.
In general, fault detection methods can be classified into two
categories. First, fault detection is realized with the help of extra
sensors. For instance, when the converter output PWM voltage
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is measured using a high bandwidth voltage sensor [3], the faulty
module can be quickly detected by comparing the expected
output PWM voltage waveform with the measured one.

Fault detection can also be realized by using additional digital
detectors, which are executed in parallel with the CHB closed-
loop voltage and current controllers. For instance, the extended
Kalman filter is used to process the transient line current and the
detection is triggered by comparing the output of the Kalman
filter with the preset thresholds [4]. In addition, the model
predictive based identification approach [5] is proposed, where
the fault type is determined according to the difference between
the predicted response and the measured system response. In
general, using independent detector is complicated, and the
additional computational burden can be a challenge for converter
digital processors.

When a fault is detected, ride-through operation approaches
can be applied. For instance, the faulty module bypass and the
zero sequence voltage injection can be used to maintain three-
phase balanced grid current [6]. Nevertheless, a better way of
addressing the faulty module is to keep the module working in
a reduced power mode [7].

Alternately, a simple detection approach using existing infor-
mation about the controller is proposed. It collects the output
signals of the dc voltage balancing regulator, the output current
harmonic branch regulator, and the output current dc compo-
nent branch regulator. Then, by investigating the relationships
between open-circuit faulty switch positions and the transient
response of these regulators, it is found that the inherent infor-
mation of multiloop regulators is sufficient to quickly determine
the exact position of the open-circuit faulty IGBT. Then, the
faulty module transfers to operate in a reduced modulation
index manner with a dc voltage offset, and the dc voltage offset
is mitigated by the other healthy modules without leaving an
obvious dc current disturbance to the grid.

II. REVIEW OF TRADITIONAL CONTROL APPROACH

Fig. 1 shows the diagram of a CHB converter for reactive
power compensation. First, each CHB converter phase leg has
three modules as al to a3, bl tob3,andcl toc3. Lyand C are
the filter series inductance and shunt capacitance, respectively.
The dc voltage of a power module is Vi ;i , the CHB converter
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Fig. 1. Traditional control method for CHB converter based STATCOM.

TABLE I
COMPARISON OF OUTPUT VOLTAGE AND POWER BETWEEN HEALTHY AND
FAULTY H-BRIDGE (S1 OPEN-CIRCUIT)
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output current is /9", the grid voltage is V/, I/ and I are
the grid currents and load currents respectively, where j stands
for the phase leg and k is the module number. The controller of
the system mainly has five parts. First, the grid phase angle is
determined by a PLL as 6, and then the output current reactive
power component is obtained according to load condition as /. ff; .
Second, the averaged phase dc voltage is calculated as V" and
the real power reference output current is given by a PI regu-
lator for V1V regulation as I;Zf . A proportional and resonant
controller with grid voltage feed-forward control is adopted for
output current tracking, and the output of the current regulator
is reference phase voltage eref . Moreover, to realize dc bus
voltage balancing, each power module dc voltage is compared
with the averaged module dc voltage V"7 and then a simple
PI regulator produces compensation voltage amplitude, which
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is aligned to the corresponding phase current phasor direction
for dc voltage balancing. Finally, a phase-shifted modulation is
used to reduce the switching ripples in the output current.

When a single IGBT open circuit fault happens (see S1 in
module al), the transient system performance using the tradi-
tional regulator is sketched in Fig. 2. First, it can be seen that
the three-phase output currents as shown in Fig. 2(a) becomes
unbalanced and distorted. Furthermore, by at the current tracking
error Al; in Fig. 2(b) concludes that the faulty phase leg-a has
a positive tracking error Al,, whereas the other two phases
have tracking errors with opposite polarity. The output of the
dc voltage balancing regulator is shown in Fig. 2(c), where the
magnitude reference Ersefal of faulty module al falls while the
magnitude references of a2 and a3 in the same phase leg increase.
At the same time, the references to the other two healthy phases
are roughly unaffected.

III. PROPOSED DETECTION APPROACH

A. Characteristics of the System With Different Faulty
Switches

The abovementioned transient performance in Fig. 2 is mainly
caused by the disturbance from the faulty module. Accordingly,
it is necessary to have a detailed investigation of the faulty
module output characteristic. First, the output voltage and power
flow of a module under S1 fault are shown in Table I, with
various types of switching states ([1,0,1,0], [0,1,0,1], [1,0,0,1],
and [0,1,1,0]) and output current polarity (I;”‘ > (0and Ij?“t <0).
The shaded elements mean that the power flow and the output
voltage of the faulty module are not the same as the healthy
module. More specifically, the faulty module always has low
output power and voltage in these cases. For other elements, the
faulty and healthy modules have the same output voltage and
power performance.

For a high power CHB converter, the switching frequency
of a power cell is typically lower than 1 kHz. In the case
of a power cell IGBT open circuit fault and with 90° current
phase displacement, the harmonic spectra of a power cell output
voltage with 500 Hz switching frequency is shown in Fig. 3(a),
where it can be seen that both the dc component and the harmonic
components from the 9th to 11th harmonic orders are obvious.
The characteristics of the 9th harmonic component are selected
for detailed study [8].

The detailed analysis of a module with S1 to S4 open circuit
is shown in Fig. 3(b). When the output voltage reference eref
is 90° leading the output current (generating lagging reactive
power), the output voltage waveform is shown in the first col-
umn. Compared to the healthy module performance at the top of
the figure, the faulty module has missing voltage pulses, which
are determined by the relationships of output current I;?“‘ and
voltage V" in Table I.

In addition, the output current fundamental component and
9th harmonic component are shown in the second column of the
figure. As shown, for S1 fault in the antidiagonal switch pair,
the 9th harmonic output current is around 90° leading of the
fundamental output voltage. On the other hand, for S4 fault in
the antidiagonal switch pair, the 9th harmonic output current is
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Fig. 3. (a) Harmonic spectra of a power cell with S1 open circuit (500 Hz
switching frequency). (b) Diagram of the voltage and current characteristics
with different switch faults.

roughly 90° lagging of output voltage. Similar conclusion can
also be seen in the diagonal switch pair fault condition.

Fig. 4 has plotted the response of output current, module
reference voltage, and module output voltage with both leading
and lagging output current. For instance, Fig. 4(b) shows the
phasor relationships in the case of lagging output current. It
can be seen that Ij‘-’f#: o Toughly reaches its positive peak value
when 6, ; = 0°. On the other hand, I]‘?f,f: o roughly reaches the
positive peak value when 0, ; = —90°. Therefore, the detection
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Fig. 4. Response of output voltage and output current of faulty module under
leading and lagging output current. (a) The PWM pulses of output voltage. (b)
The condition of lagging output current. (c) The condition of leading output
current.

of faulty IGBT via 9th harmonic current response should be
designed according to the angle of the grid voltage.

B. Proposed Faulty Switch Identifier

According to the discussion in the previous section and the
analysis in Section II, a fault switch identifier can be developed,
which fully utilizes the existing information of the modified
multiloop regulator of the CHB converter.

The output current regulator and secondary voltage balancing
controllers are selected and shown at the top of the Fig. 5. First,
a modified current regulator with high gain at dc and harmonic
frequency is given as follows:

F resonant

proportional k. .- -2w.8
Vil = Tk s | (1 - 1)
J P % 4 2w.s + wd ! !
de Har resonant
WLPF kr_in - 2wes
Ege - () + ’
s+ wLpF h;ﬂ 82 + 2wes + (wo - h)?
. (0 — I;)ut)+Gemt(s) : ‘/]9 (1)
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where th(s).ng includes the fundamental and selected low-
order harmonic grid voltage as the feed-forward term, G, (s)
is the detector for rejecting the grid disturbance, including
harmonics that may affect the accuracy of fault detection, eref
is the reference voltage for modulation. In this case, as shown
in Fig. 5. The dc component of output current I ‘”E‘ltc and the
9th harmonic component of output current [ ]‘”fl _ ¢ are actually
responses of control loop nodes. Therefore, they can also be
extracted using the modified current regulator. In addition, the
secondary dc voltage balancing loop is given as follows:

((kp—b + ki-s/s) - (Vda(vje — Vie,jk))

sin(0,) - sen(l,) + V! /N

ref _
Vir® =

@)

kp—p + ki—p/s is the Pl regulator, 6, ; is the grid voltage angle.

Similarly, 6,_; and the output of the PI regulator E'g° il (see
the upper-right corner of Fig. 5) are captured for fault dlagnosm.
When —1 70%, —I 701;;5_ 95 gejf 4> and 0, ; are obtained, they
are sent to judgment blocks as shown in the Part. II(1) of the Fig. 5
for fault detection. In detail, as — 2%/ has an opposite polarity
against that of other phases — 1, g”;tc and Iglgc, the faulty phase

can be determined (Flag_Pha = 1). Meanwhile, the faulty switch

pair is determined according to the polarity of —I7%7 (—17%.<0
for a diagonal switch pair fault and — 72/ >0 for an antidiagonal

switch pair fault). In this study, an antidiagonal switch pair fault
is determined (Flag_Anti = 1). Moreover, for a power module
in the faulty phase leg has a different dc voltage variation trend

Complete diagram of the proposed fault detection and fault tolerance approach. (S1 fault for case study).

(Ere 1) against others in the same leg, as shown in Part. II(2) of
the F1g 5, the faulty module can be determined (Flag_al = 1).

Finally, the detailed location of faulty IGBT is determined by
checking the value information of the 9th harmonic current at
the time instant tg, where :

Oy jli=t, = Gvout li=t, =0°  I,> 0 Lagging power factor

=—-90° I,< 0 Leading power factor
3

For STATCOM with lagging output current I, > 0, the
instantaneous value of the 9th harmonic output current — I o’;f_ 9
is captured when the grid voltage angle 6, , is 0°. On the
other hand, —I¢}_ 4 is examined when 0, , is —90°. Note
that both the grid and load disturbance may cause additional 9th
harmonic output current, which can affect the accuracy of the
fault detection. In fact, the proposed detection approach adopts
a step-by-step detection procedure as shown in Fig. 5. The final
detection step using 9th harmonic current information will not
be activated unless the previous two steps using dc current offset
and dc rail voltage variations are completed.

When the exact fault location is known, the ride-through
operation of the system can be executed. In the case of an S1
fault in module al, the complimentary switch S2 of this module
is turned ON constantly and the right half bridge with switches S3
and S4 modulates to produce a reduced ac output voltage and its
associated dc output voltage is compensated by other modules.
Accordingly, a part of the faulty module’s al power rating can
be used without shunting down the entire module.

Ov_jli=t, ~ 9vou* lt=to =
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TABLE II
KEY PARAMETERS OF THE EXPERIMENTAL SYSTEM

Circuit parameters
Rated PCC voltage VY 110VRMS/50 Hz
module dc link voltage Vac 80V
dc link capacitor Crink 4000 uF
Filter inductance Lg;Rg Ls=0.3 mH; Rg=0.01 Q;
Power module switching frequency fs 500 Hz
INumber of power modules in a phase| N 3

Control parameters
kp—i;kr_i kp i = 4A/Vk i = 30A/V
Wppp; kdc Wipr = 0. Olrad/s kdc_300A/V

Current control parameters

k- =0.2/V
p—v p v

Phase voltage control parameters ki ki V =01/(V-s)

Secondary voltage balancing control | Kp-p p— =6/V
parameters ki-p ki-p = 10/(V s)

Band pass angular frequency Wc W, =5rad/s

Fault detection parameters
Eref Eref =5V
Fault tolerance threshold value Sthr | (fu‘frl
Idc,thr |Idc,thr| =5A

10ms/div

5A/div
Fault ride through

Vicaz
de.jk 5 N SV/div

Fig. 6.
phase-a.

Three-phase output current and the dc bus voltage of modules in

25A7div S1 fault i 5V/div '—> S1 fault
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a)

Fig. 7. Responses of the dc current regulator and dc voltage balancing con-
troller in phase-a. (a)The response of the dc current regulator. (b)The response
of the dc balance regulator.

IV. EXPERIMENTS

Experiments have been executed on a prototype with three
modules in each phase leg, with the parameters as shown in
Table II.

The three-phase output current and the dc bus voltage of
modules in phase-a are shown in Fig. 6, where both the output
current and the dc rail voltage are well balanced before the
fault. When the gating signal of S1 in module al is blocked
to emulate a switch fault, it can be seen that the phase-a current
has nontrivial distortion and the module-al dc voltage increases
significantly. For around one cycle after the fault, the faulty
location is confirmed and the ride-through control is applied.
Accordingly, the output current and dc rail voltage become well
balanced and sinusoidal again. However, at very low power
operation, the system response time will become longer, e.g.,
at 0.05 pu, it will take more than six cycles to complete a fault
location.

The responses of the current regulator dc branch are shown

in Fig. 7(a). As seen, the —I2"/. is positive while —I3" and
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—I2% are negative. When —I2% reaches the threshold, the
faulfy—phase leg and the fault switch-pair are both confirmed
(Flag_pha = 1, Flag_Anti = 1). The output of the dc voltage
balancing controller for phase-a is given in Fig. 7(b), where the
output of al has a negative value while the other two modules
have a positive value after the fault. Accordingly, the exactly
faulty module can be quickly identified (Flag_al = 1).

In addition, the detailed faulty switch location is identified
according to the polarity of the 9th harmonic current responses
—I7 out _ 5 when grid voltage angle is 0 as Fig. 8, where it is easy
to see that —I 0771 _ ¢ has rough the negative peak value at this
moment. Therefore S1 fault is confirmed (Flag_S1 = 1).

Figs. 10 to 13 show the performance of the detection approach
under the case of simultaneous S1 open circuit fault and three-
phase grid voltage sags. It is seen that even under the case of
grid disturbance, the proposed approach can obtain a rapid and
accurate detection of faulty IGBT. In addition, the ride through
operation approach still maintains a three-phase well balanced
and harmonic mitigated output current.
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TABLE III
COMPARISON OF SWITCH FAULT DIAGNOSTIC METHODS
unctionality Fault F_a n Additional [Diagnosis| .. [Parameter-
sl o o | e @ e
Method through
Voltage and v v No < 20ms | Moderate v
current error [9]

PWM voltage v v %

detection [3] Yes < 20ms Low
Model Predictive v % . v

Control [5] No <20ms | High
PCA[10] Vol x| Yes Aztolg‘l’;t High v
MeaIE l\lfc])ltage v x No <20ms | High v
Proposed Method| v/ v No égﬁﬂ: Low v

When the exact faulty switch is known, the corresponding
faulty module transfers to half-bridge operation and the dc output
voltage is simultaneously compensated by the remaining healthy
modules [7]. The detailed module al output voltage and the
phase-a output voltage under healthy, fault diagnosis, and fault
ride-through operation are shown in Fig. 9 for comparison.

V. CONCLUSION

For traditional CHB controllers, the responses of the inner
control loops and branches are rarely used for system state
monitoring. It has been pointed out that with direct synthesis
of outputs from the inner dc output current regulator, harmonic
output current regulator, and dc voltage balancing regulator,
the controller of the CHB converter can be easily utilized as

1371

an inherent identifier to quickly locate the exact location of
an open circuit faulty IGBT switch. Thus, there is no need
to implement any independent identifiers or additional sen-
sors. In addition, with the help of the modified controller and
half-bridge modulation, the system can be seamlessly trans-
ferred to ride through operation with no disturbances to the
grid.

Finally, the performance and characterstics of a few typical
detection approaches are listed in Table III. As indicated, the
proposed approach does not need any additional sensors and it
features a relatively short detection process. However, similar to
these approaches without using additional sensors, the rapidity
of the proposed detection approach is affected by the control and
circuitry parameters.

REFERENCES

[1] S. Yang, A. Bryant, P. Mawby, D. Xiang, L. Ran, and P. Tavner,
“An industry-based survey of reliability in power electronic con-
verters,” IEEE Trans. Ind. Appl., vol. 47, no. 3, pp. 1441-1451,
May/Jun. 2011.

[2] N.B.Y. Gorla, S. Kolluri, M. Chai, and S. K. Panda, “A novel open-circuit
fault detection and localization scheme for cascaded H-bridge stage of a
three-stage solid-state transformer,” I[EEE Trans. Power Electron., vol. 36,
no. 8, pp. 8713-8729, Aug. 2021.

[3] J.Lamb and B. Mirafzal, “Open-Circuit IGBT fault detection and location
isolation for cascaded multilevel converters,” IEEE Trans. Ind. Electron.,
vol. 64, no. 6, pp. 4846-4856, Jun. 2017.

[4] F.Deng,Z.Chen, M.R. Khan, and R. Zhu, “Fault detection and localization
method for modular multilevel converters,” IEEE Trans. Power Electron.,
vol. 30, no. 5, pp. 2721-2732, May. 2015.

[5] M. Chai, N. B. Y. Gorla, and S. K. Panda, “Fault detection and local-
ization for cascaded H-bridge multilevel converter with model predictive
control,” IEEE Trans. Power Electron., vol. 35, no. 10, pp. 10109-10120,
Oct. 2020.

[6] M. Aleenejad, H. Mahmoudi, and R. Ahmadi, “A new fault-tolerant
strategy based on a modified selective harmonic technique for three-phase
multilevel converters with a single faulty cell,” IEEE Trans. Power Elec-
tron., vol. 31, no. 4, pp. 3141-3150, Apr. 2016.

[7] Y. Neyshabouri and H. Iman-Eini, “A new fault-tolerant strategy for a
cascaded H-bridge based STATCOM,” IEEE Trans. Ind. Electron., vol. 65,
no. 8, pp. 6436-6445, Aug. 2018.

[8] G. N. Brahmendra Yadav and S. Kumar Panda, “Survey of Open-circuit
fault detection and localization methods applicable to cascaded H-bridge
multilevel converters,” in Proc. 46th Annu. Conf. IEEE Ind. Electron. Soc.,
2020, pp. 3988-3994.

[9]1 B.Li,S. Shi, B. Wang, G. Wang, W. Wang, and D. Xu, “Fault diagnosis and
tolerant control of single IGBT open-circuit failure in modular multilevel
converters,” IEEE Trans. Power Electron., vol. 31, no. 4, pp. 3165-3176,
Apr. 2016.

[10] T. Wang, H. Xu, J. Han, E. Elbouchikhi, and M. E. H. Benbouzid,
“Cascaded H-bridge multilevel inverter system fault diagnosis using a
PCA and multiclass relevance vector machine approach,” IEEE Trans.
Power Electron., vol. 30, no. 12, pp. 7006-7018, Dec. 2015.

[11] A.Anand, A.V.B,N.Raj,J. G, and S. George, “A generalized switch fault
diagnosis for cascaded H-bridge multilevel inverters using mean voltage
prediction,” IEEE Trans. Ind. Electron., vol. 56, no. 2, pp. 15631574,
Mar./Apr. 2020.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


