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Estimation of DC Voltage Storage Requirements
for Dynamic Voltage Compensation on
Distribution Network using DVR

Sunil Kumar Gupta, H.P. Tiwari, Ramesh Pachar

Abstract—Voltage sags and momentary power interruptions
are probably the most significant power quality problems
affecting industrial and large commercial customers. The
installation of mitigation devices can be seen as a short term
solution. DVR is a very effective series-compensation device for
mitigating voltage sags. The mitigation capability of these
devices is mainly limited by the energy storage capacity. This
paper is intended to assimilate voltage capacity of DC storage
unit of a DVR with transmission voltage so that the information
is available in a convenient manner and can be used as a basis
for continued research in this area.

Index Terms—DC Energy Storage, DVR, Power Quality,
Voltage Sag.

1. INTRODUCTION

One of the most important power quality issues is voltage
sag which is due to increasing usage of voltage sensitivity
devices. These devices have made industrials processes more
susceptible to supply voltage sags [1]. Voltage sag is not a
complete interruption of powers; it is a temporary drop below
90 percent of the nominal voltage level. Most voltage sags do
not go below 50 percent of the nominal voltage, and they
normally last from 3 to 10 cycles or 50 to 170 milliseconds.
These sags are caused by abrupt increases in loads such as
short circuits or faults, motors starting, or electric heaters
turning on, or they are caused by abrupt increases in source
impedance, typically caused by a loose connection [2].
Voltage sag mitigation devices are classified into three
categories; (i) Traditional Solutions: Voltage Control
included Transformer, Tap Changers both mechanical and
SCR switched units and servo-variac technology and
ferro-resonant transformers are used as a voltage sag
mitigation devices [3]. These devices are heavy, bulky and
inefficient so they are rarely used [4]. (ii) Uninterruptible
Power Supplies (UPS): The main disadvantage, with the UPS
is that it uses batteries as its DC storage system making it
more expensive than the DVR which uses a bank of
capacitors [5]. (iii)) Dynamic Voltage Restorer (DVR): The
voltage source converter (VSC) connected in series with the
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grid as a static series compensator (SSC) is also known as the
Dynamic Voltage Restorer (DVR); It is power electronics
based device and used to protect for any voltage sags caused
by different types of faults and abnormal condition.. The
basic operating principle of the DVR is to inject an
appropriate voltage in series with the supply through
injection transformer whenever voltage sag or voltage swell
is detected [6]. The DVR using pulse width modulation
technology is used to control Phase and amplitude [7]. The
efficiency of the DVR depends on the performance and the
efficiency of control technique involved in switching the
inverters [8]. The basic structure of a DVR is shown in Fig.1.

In this paper Section I briefly describes the sag and sag
mitigation devices. Section II discusses the DVR basic
structure and component. Section III discusses the electrical
circuit model of DVR as a series controller, section IV
discusses the PI controller strategy employed for inverter
switching in the DVR [9], the simulation model is developed
using the simulink utility of MATLAB in section V. Section
VI discusses the DC Storage calculations and conclusions are
presented in section VII.
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Fig.1. Basic Structure of Dynamic Voltage Restorer

II. DVR STRUCTURE

The DVR device consists of five main sections;

(1) Energy Storage Unit: It is responsible for energy storage
in DC form, flywheels, lead acid batteries, superconducting
magnetic energy storage (SMES) and super-capacitors can be
used as energy storage devices, the estimates of the typical
energy efficiency of four energy storage technologies area:
batteries 75 %, Fly wheel 80 %, Compressed air 80%, SMES
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90% [9].(i1) Inverter: It is used to convert from DC storage to
ac [10]. (iii) Passive Filters: It is clear that higher order

harmonic components distort the compensated output voltage.

Filter is used to convert the PWM inverted pulse waveform
into a sinusoidal waveform. This is achieved by removing the
unnecessary higher order harmonic components generated
from the DC to AC conversion in the VSI, (iv) By-Pass
Switch: It is used to protect the inverter from high currents.
When the event of a fault or a short circuit on downstream,
the DVR changes into the bypass condition where the VSI
inverter is protected against over current flowing through the
power semiconductor switches[14]. (v) Voltage Injection
Transformers: In a three-phase system, three Single-phase
transformer units or one three phase transformer unit can be
used for voltage injection purpose [11].

III. SERIES VOLTAGE CONTROLLER

The electrical circuit model to indicate voltage injection by a
DVR system is shown in Fig.2.
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Fig.2. Electrical Circuit Model for DVR Voltage Injection

The series injected voltage of DVR can be written can be as
[12].

Vovr+ Vee=Vioad + ZrlLoad (D
or Vpyr =V road + Z1lLoad =Vt (2)
And
Zr =R+ j X7

Where Vpyris voltage supply by the DVR,

Vioad 18 the desired load voltage magnitude,

ZT is the load impedance,

I 1is the load current,

V*is the system voltage during fault condition,
Current is the load side can be calculated as

Vioad ITroad™PLtj QL 3)
1 :[(PLH*QL)J 4
Load Vioad

Where load voltage consider as a reference, Py is load active
power, and Q is load reactive power.
Then DVR voltage can be written as

Vo lo=V,L0°+Z 1, 2(f-6)-V, LS )

DVR
Where a,  and J are the angle of Vpyg, ZT and V¢
respectively '

0 = tan"(Q—L)

L

Where ¢ is load power factor angle.
The apparent power injection by the DVR is given by
S: VDVR * IL (6)
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IV. CONTROL PHILOSOPHY

Voltage sag is created at load terminals by a three-phase fault
as shown in Fig.4. Load voltage is sensed and passed through
a sequence analyzer. The magnitude is compared with
reference voltage (V). Pulse width modulated (PWM)
control technique is applied for inverter switching so as to
produce a three phase 50 Hz sinusoidal voltage at the load
terminals. Chopping frequency is in the range of a few KHz.
The IGBT inverter is controlled with PI controller in order to
maintain 1 p.u. voltage at the load terminals i.e. considered as
base voltage =1p.u.

A Proportional-Integral (PI) controller (Fig.3) drives the
plant to be controlled with a weighted sum of the error
(difference between the actual sensed output and desired
set-point) and the integral of that value. An advantage of a
proportional plus integral controller is that its integral term
causes the steady-state error to be zero for a step input. PI
controller input is an actuating signal which is the difference
between the V,.sand V;, Output of the controller block is of
the form of an angle 8, which introduces additional
phase-lag/lead in the three-phase voltages. The output of
error detector is V- Vi, @)

where Vs equal to 1 p.u. voltage

Vi» voltage in p.u. at the load terminals.
The controller output when compared with PWM signal
results in the desired firing sequence.

) Output
n ACStiuat;lg of PI Controller
Viet g PI Controlle———>

Vin

Fig.3. Schematic Diagram of A Typical P I Controller.

The modulated angle is applied to the PWM generators in
phase A. The angles for phases B and C are shifted by 120°
and 240°, respectively as shown in (9) and (10). In this PI
controller only voltage magnitude is taken as a feedback
parameter in the control scheme [12].
The sinusoidal signal is phase-modulated by means of
the angle § and the modulated three-phase voltages are given
by
V = sin (wt +6) ®)
V'= sin (wt+5+21/3) 9)
Vf= sin (wt +5+41/3) (10)

V. PARAMETERS OF DVR TEST SYSTEM

Electrical circuit model of DVR Test System is shown in
Fig4. System parameters are listed in Table 1. Voltage sag is
created at load terminals via a three-phase fault as shown in
Fig.4. Load voltage is sensed and passed through a sequence
analyzer. The magnitude component is compared with
reference voltage (Vier).

Table 1: System Parameters

S.No. Standards
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1. Capacitance 750 ps
IGBT Based,
3 Arms , 6 Pulse,
2. Inverter Specifications | Carrier Frequency
=1080 Hz,
Sample Time= 5 us
3. Fault Resistance 0.66 Ohms
R=0.1 Ohms,
4. | Load L=0.1926 H
5 Transmission Line | R=0.001 Ohms,
) Parameter L=0.005 H
Kp=0.5
6. PI Controller K=50
Sample Time=50 ps

=1e-005 s
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Fig.4. Circuit Model of DVR Test System

MATLAB Simulation diagram of the test system is shown in
Fig.5. System comprises of 13 kV, 50 Hz generator, feeding
transmission lines through a 3-winding transformer
connected in Y/A/A, 13/115/ (11/16/25/40/60) kV.
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VI. SIMULATION RESULTS

Detailed simulations are carried out on the DVR test system.
System performance is analyzed for compensating voltage
sag with different energy storage capacities so as to achieve
rated voltage at load. Various cases (I to V) of different
voltage levels are considered for studying the impact of
energy storage capacity on sag compensation. An exhaust
study is made for five cases.

Case I. A three-phase fault is created at point X via a

resistance of 0.66 Q which results in a voltage sag of 17.02 %.

Transition time for the fault is considered from 0.4sec to
0.6sec as shown in Fig.6. The simulation results without an
energy storage system are shown in Fig.7.

Fig.8, 9, 10, 11, 12 and 13 shows the DVR performance in
presence of energy storage devices of different capacities of
viz.1kV,2kV,3kV,4kV,5kV, and 6 kV respectively.
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Fig.6. Three Phase, Phase to Phase Voltage with Out DVR Energy Storage
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Fig.8. Voltage p.u .at the Load Point: with DVR Energy Storage of
1kV.

127

/ T16. % voltage. sag.

sag duration

o
3

voltage (p.t)
o
»

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

Timo{sec)

Fig.9. Voltage p.u. at the Load Point: with DVR Energy Storage of 2
kV.
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Fig.11. Voltage p.u. the Load Point: with DVR Energy Storage
of 4kV.
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Fig.13. Voltage p.u. at the Load Point: with DVR Energy Storage
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Table 2: Voltage Required 11 kV at Load Terminal

DC Voltage Voltage (p.u.) Voltage sag
Supply

1kV 0.83 17%
2kV 0.835 16.5%
3kV 0.86 14%
4kV 0.88 12%
5kV 1 0%
6kV 1.09 9% swell

Fig.5 shows that voltage sag of 17.02 % in 11 kV
transmission line is fully compensated with the DC energy
storage voltage of 5 kV.

Case II: In this case a 16 kV transformer feeds the load. A
load voltage is subjected to sag of 36%. DVR system is
operating to maintain rated voltage (16 kV) at load terminals.
Simulations are carried out to investigate the performance of
energy storage device with capacities of 6, 8, 8.5 and 9 kV.
Waveforms illustrating the sag compensation are shown in
Fig. 14 to Fig. 17.
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Fig.17. Voltage p.u. at the Load Point: with DVR Energy Storage
of 9kV.

Table 3: Voltage Required 16kv at Load Terminal
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DC Voltage Voltage p.u. Voltage sag
Supply
6 kV 0.87 13%
8kV 0.97 3%
8.5kV 1 0%
9 1.04 4% swell

Fig.14. Voltage p.u. at the Load Point: with DVR Energy Storage

of 6 kV.
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Fig.16 shows that voltage sag of 17.02 % in 16 kV
transmission line is fully compensated with the DC energy
storage voltage of 8.5 kV.

Case III: In this case a 25 kV transformer feeds the load.
Voltage sag of 64% is created at load terminals. DVR

system is operating to maintain rated voltage (25 kV) at load
terminals. Simulations are carried out to investigate the
performance of energy storage device with capacities of 12,
14, and 16 kV. Waveforms illustrating the sag compensation
are shown in Fig. 18 to Fig. 20.
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Fig.18. Voltage p.u. at the Load Point: with DVR Energy Storage
of 12 kV.
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Fig.19. Voltage p.u. at the Load Point: with DVR Energy Storage
of 14 kV.
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Fig.20. Voltage p.u. at the Load l;oint: with DVR Energy Storage
of 16 kV.

Table 4: Voltage Required 25kv at Load Terminal

DC Voltage Voltage p.u. Voltage sag
Supply
12 kV 0.87 17%
14kV 0.91 9%
16kV 1 0%

Fig.20. shows that voltage sag of 64 % in 25 kV transmission
line is fully compensated with the DC energy storage voltage
of 16 kV.
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Case IV: In this case a 40 kV transformer feeds the load.
Load voltage is subjected to sag of 36%. DVR system is
operating to maintain rated voltage (40 kV) at load terminals.
Simulations are carried out to investigate the performance of
energy storage device with capacities of 25,27, 29 and 30 kV.
Waveforms illustrating the sag compensation are shown in
Fig. 21 to Fig. 24.
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Fig.21. Voltage p.u. at the Load.Point: with DVR Energy Storage of
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Fig.22. Voltage p.u. at the Load Point: with DVR Energy Storage
of 27 kV.
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Fig.23. Voltage p.u. at the Load Point: with DVR Energy Storage
of 29 kV.
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Fig.24. Voltage p.u. at the Load .Point: with DVR Energy Storage
of 30kV.

Table 5: Voltage Required 40kv at Load Terminal

DC Voltage Voltage p.u. Voltage sag
Supply
25kV 0.86 14%
27kV 0.91 9%
29kV 0.91 3%
30kV 1 0%

Fig.24 shows that voltage sag of 84% in 40 kV transmission
line is fully compensated with the DC energy storage voltage
of 30 kV.

Case V: In this case a 60 kV transformer feeds the load. a
voltage sag of 93%. DVR system is operating to maintain
rated voltage (16 kV) at load terminals. Simulations are
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Fig.27. Voltage p.u. at the Load Point: with DVR Energy Storage
of 47 kV.
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i:ig.28. Voltage p.u. at the Load Point: with DVR Energy Storage
of 48kV

Table 6: Voltage Required 60kv at Load Terminal

carried out to investigate the performance of energy storage DC Voltage Voltage p.u. Voltage sag
device with capacities of 40, 44, 47 and 48 kV. Waveforms Supply
illustrating the sag compensation are shown in Fig.25 to 40 kV 0.85 15%
Fig.28. 44kV 0.92 8%
g
47kV 0.97 3%
48 kV 1 0%
1H= = Fig.28 shows that voltage sag of 93% in 60 kV transmission
Sos ( - line is fully compensated with the DC energy storage
g ’ V g auston . capacity of 48 kV.
04
02 VII. DC STORAGE CALCULATIONS
o Results indicating requirements of DC battery storage

Timesec)

Fig.25. Voltage p.u. at the Load i’oint: with DVR Energy Storage
of 40 kV.
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Fig.26. Voltage p.u. at the Load Point: with DVR Energy Storage
of 44kV

capacities for maintaining various transmission voltages at

" load terminals during sags of different degrees are given in

Table 7.
Table 7
Voltage at Required DC Required DC
load terminal Storage voltage Storage voltage
(VLoad ) (VDCS) (% age of vLoad)
11kV 5kV 45.45
16kV 8.5kV 53.12
25kV 16 kV 64
40kV 30kV 75
60kV 48 kV 80

For load terminal voltage sag compensation, required DC
storage voltage which is supplied to as an input inverter, can
be estimated for from equation 11, 12 and 13 as shown
below.
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Vpes = -5.55+0.89 Vi o (11)
Vpes = 4.240.79 Vigaa +0.0014 V[0 (12)
Vs = -0.83 +0.38 Vi g 10.015 VZ g+ 0.00013 V2, pg (13)
Where

Vi 1s Voltage at load terminal.
Vs is DC Storage voltage required for sag

compensation.
60
50
Ve
£ 40 L
5 -~
Z’, 30
e
//
10 L
7

10 15 20 25 30 35 40 45 50 55 60
load terminal voltage (kv)

Fig.34. Load Terminal Voltage Verses DC Battery Voltage

Fig.34. shows approximate linear relationship between the
DC storage voltage supplies and load terminal voltage.

VIIL

Based on analysis of test system, it is suggested that
percentage sag and operating voltage are major factors in
estimating the requirement of DC storage capacity. The
effectiveness of a DVR system mainly depends upon the
amount and stiffness of DC energy storage device.
Investigations were carried out for various cases of voltage
sags at different transmission voltage levels. Result show that
any increase in transmission voltage and voltage sag
demands sufficient increase in DC storage capacity. An
expression is developed to estimate the required DC storage

CONCLUSION

voltage for specified transmission voltage and percentage sag.

This can be used as a basis for future research in this area.

REFERENCES

[1] M.R. Banaei, S.H. Hosseini and G.B. Gharehpetian “Inter-Line
Dynamic Voltage Restorer Control Using A Novel Optimum Energy
Consumption Strategy” October 2006,Volume 14, Issue 7, Pages
989-999.

[2] Dong-Jun Won, Seon-Ju Ahn, 11-Yop Chung, Joong-Moon Kim and
Seung-I1 Moon, “A New Definition Of Voltage Sag Duration
Considering The Voltage Tolerance Curve”, Bologna Power tech
Conference, June 23-26, Bologpa, Italy, IEEE 2003.

[3] A. Sannino , G. Michelle and M. Bollen, “Overview Of Voltage Sag
Mitigation” IEEE Power Engineering Society 2000 Winter Meeting,
January 2000 ,Vol. 4, 23-27.

[4] Trevor L. Grant, Deepak M. Divan, “Power Quality Solutions to
Mitigate the Impact of Voltage Sags In Manufacturing Facilities,
AEE-WEEC 2002.

[5] C.S.Chang, Y.S. Hoa and P.C. Loh, “Voltage Quality Enhancement
with  Power Electronics Based Devices” IEEE 2000.

[6] C. Benachaiba, B. Ferdi, “Power Quality Improvement Using DVR”
American Journal of Applied Sciences , March, 2009.

131

[7] N. Hamzah, M. R. Muhamad and P. M. Arsad, “A Simple Voltage
Sag/Swell Supporter for Industrial Distribution System” The 5th
Student Conference On Research And Development -Scored, 1-12
December 2007, Malaysia, IEEE 2007.

[8] H. Ezoji, A. Sheikholeslami, M.Tabasi, M.M. Saeednia, “Simulation of
Dynamic Voltage Restorer Using Hysteresis Voltage Control”
European Journal of Scientific Research ISSN
1450-216X,2009,Vol.27 No.1 pp.152-166.

[9]1 Stefan Moloka¢ , Ladislav Grega and Pavol Rybar, “Using MRI
Devices for the Energy Storage Purposes ” Acta Montanistica Slovaca
Ro¢nik 12 , Mimoriadne Cislo 2, 278-284,2007.

[10] R. Akkaya, A. A. Kulaksiz,“A Microcontroller-Based Stand-Alone
Photovoltaic Power System for Residential Appliances” Applied
Energy 78, 2004,pp.419-431,

[11] C.Zhan, M. Barnes ,V.K. Ramachandaramurthy, N. Jenkis ,“Dynamic
Voltage Restorer With Battery Energy Storage For Voltage Dip
Mitigation”, Power Electronics And Variable Speed Drives,18-19
September 2000, Conference Publication No. 475,IEE 2000.

[12] S.V Ravi Kumar, S. Siva Nagaraju, “Simulation of D-Statcom and
DVR in Power Systems” ARPN Journal of Engineering And Applied
Sciences June 2007, Vol. 2, No. 3.

[13] Brice J. Brain, K. Johnson and Herb L. Hess, “Mitigation Of Dynamic
Voltage With Phase Jump Using A Dynamic Voltage Restorer”, IEEE,
2006.

[14] Changjian Zhan, V.K. Ramachandraramurthy and A.Arulampalam,
M.Barnes, G.Strbac N.Jekin, “Dynamic Voltage Restorer Based on
Voltage Space Vector PWM Control”, IEEE 2001.

H.P. Tiwari received the B.E. degree in electrical engineering in year 1982
and M.Sc. Engineering degree in electrical engineering in year 1986. and the
Ph.D. degree awarded from University of Rajasthan in year 2000. He is
working as a Reader in Department of Electrical Engineering of Malaviya
National Institute of Technology (MNIT), Jaipur (INDIA. His research
interests include power electronics, electrical machines and drive and non-
conventional energy sources.

Sunil Kumar Gupta received B.E. (Electrical Engg.) from the University of
Rajasthan, M.E. in Power Electronics Machine Design and Drives India in
2006. . He is a research scholar in Department of Electrical Engineering of
Malaviya National Institute of Technology (MNIT), Jaipur (INDIA). His
field of interest includes power electronics, electrical machines and control
system.

Ramesh kumar Pachar received B.E. (Electrical Engg) in 1996, M.Tech in
Power system in year 2005. He is a research scholar in Department of
Electrical Engineering of Malaviya National Institute of Technology (MNIT),
Jaipur (INDIA). His field of interest includes, Power electronic applications
in power system & MATLAB applications to electrical engineering

International Association of
Computer Science and Information Technology
WWW.IACSIT.ORG




<<
  /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 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 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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /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 150
  /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 0.76
    /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 1200
  /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 <<
    /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


