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Simulation of Microturbine Generation System
Performance during Grid Faults under new Grid
Code Requirements
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Abstract--New grid codes requires distributed energy resources to
ride through temporary low voltage event and at the same time
injecting reactive current into the grid. In microturbine
generation system (MTGS) connected to the grid through power
electronic converter, during low voltage ride through, its DC-link
voltage increases and MTGS converter is overloaded. The paper
discussed and highlights the problems and proposed solutions to
mitigate these problems. The effectiveness of the solution is
demonstrated using digital simulation. Result shows that MTGS
is capable of riding through low voltage events while adhere to
new grid code requirements without operating beyond its
electrical components permissible limit.

Index Terms--Microturbine generation system, Distributed energy
resources, Low voltage ride through, Grid codes.

I.  NOMENCLATURE
: Complex current and voltage
: Inductance, reactance, resistance
1V/4 : Complex flux-linkages
w

: Angular speed
: Torque, time constant

: Time derivative
Subscripts

d,q :Direct, quadrature axis component
o,h :Leakage and mutual

D, f :Damping and field winding

S,R : Stator and rotor

II. INTRODUCTION

ENEFITS offered by distribution generation (DG) concept

supporting by conducive policies and regulations has
increased the proliferation of distributed energy resources
(DER) into low voltage (LV) electrical power system [1]. A
few DER technologies such as microturbine generation system
(MTGS), photovoltaic (PV), and fuel cell (FC) interfaces with
the electrical grid through power electronic converters (PEC).
There is also a trend now even to decouple internal
combustion engine between the electrical grid using power
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electronic converter for economic reasons [2].

Among converter based DER technologies, MTGS is
gaining popularity due to proven economic reasons and
environmental friendliness. Its overall efficiency could reach
up to 85 % when operating this unit as a combine heat and
power plant (CHP). In addition it has many advantages
compared to other distributed generation technologies because
of its low installation cost, low infrastructure requirement and
low maintenance cost. This unit could be employed for
providing base load power, utility peak shaving and customer
peak shaving to name a few [3].

Due to its benefits and advantages, a numbers of MTGS
units has been installed and operated throughout the world and
the figure is steadily increasing [4]. This DER technology is
expected to be seen in a substantial number operating inside
low voltage (LV) level of electrical distribution network in the
future.

A numbers of MTGS already has been installed in low
voltage network for nearly a decade. This unit has been
program to operate according to current utility requirements.
The questions rise whether these units are able to meet new
grid codes requirements and if required what necessary
modification need to be made.

In [4], [5], [6] and [7] a single shaft MTGS dynamic model
and its performance as a DER was described and presented.
All these studies however are concentrating on load following
capability. MTGS dynamic model and corresponding PEC
controller presented in these studies however is not enough
for low voltage ride through (LVRT).

During LVRT, the converter will be under stressed and
DC-link voltage will increase. Controlling the unit to enable
this fault ride through is more complicated thus requires some
modification in the power converter controller. This paper
identifies the problems and proposed counter measures to
enable MTGS adhere to new grid requirements without
damaging its hardware components.

III. GRID CODES AND INTERCONNECTION STANDARD

DER application changes the operational method of
distribution system from passive to active. This reason has
made many utilities placing stringent requirements for the
DER connected to their distribution network. These
requirements are different between one utility to another but
some effort has been done to introduce a common standard
such as IEEE Standard 1547 in the U.S [8]. This standard
requires DER to stop energizing the power system when
voltage level at PCC goes bellow 88% of nominal value. This



standard has been revised but still in drafting process and the
new version is expected to be published soon.

During a momentarily grid faults, it is however been
realised that it is a great loss to the power system to disconnect
every DER if there are a large number of these generators
operating in the system. Losses of this generators means a loss
of active power and the system will face substantial active
power shortage during this critical period. Furthermore if these
DER remains in the system they could be used during
disturbance to help stabilising the power system and providing
voltage support.

Some of the utilities in the U.S. are however already
introduced new grid codes which requires DER connected to
LV to ride trough the grid faults less than specified time even
if the voltage at PCC is reaching zero [9]. This new
requirement is derived based on [8] and [10] with some
modifications. Typical requirements for this fault ride through
are depicted in fig. 1.

New grid codes in Germany already imposing new LVRT
requirements for converter based generators connected to high
voltage (HV) [11] and medium voltage (MV) [12] grid. Even
though these two standards are for HV and MV, with some
assumptions, the requirements could be applied for LV as
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well. The LVRT requirements imposed during grid faults
from these two standards are quite similar and it is expected
that a standard that will apply for LV will also having similar
requirement in the future. Assuming this is the case, LVRT
requirements from [12] are used in the study to simulate the
performance of MTGS connected to LV bus during grid faults.
These new requirement is depicted in fig. 2.

It is clear that, DER must ride through the faults that results
in voltage drop at the point of connection which occur less
than 150 ms. Further explanation of this requirement can be
found in [11] and [12]. In this study however the main focus is
given to the voltage abnormality within first 150 ms.

In addition to the LVRT requirements DER are also
required to provide reactive current during fault to support
grid voltage [11]. This voltage support requirement is
considered in this study based on the requirement specified in
[11] and is depicted in fig. 3. 100 % of capacitive reactive
current must already be provided when the voltage drop to 50
% of its effective value.

IV.  MICROTURBINE GENERATION SYSTEM TECHNOLOGY

MTGS is a small gas combustion engine producing power
between 25 kW to 500 kW and operating at very high rotating
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Fig. 4. MTGS hardware arrangement



speed which is between 50,000 to 120,000 rpm [13]. First type
of MTGS has generator and turbine mounted on the same shaft
thus generate power at a very high frequency. Therefore,
interfacing with the grid is only possible through frequency
converter. Second type of MTGS on the otherhand has
generator and turbine mounted on different shaft. High
rotational speed in the later case is reduced to synchronous
speed through a gear box.

A single shaft design is more preferable compared to split
shaft type due to less moving parts and thus requires less
maintenance and the unit is also smaller. In a single shaft
microturbine design, the main components are compressor,
recuperator, combustion chamber and turbine. The compressor
compresses ambient air and pushes it into the combustion
chamber where it is mixed with the fuel and burned in
continuous combustion process. The hot pressurized gas is
then converted into mechanical energy through the turbines
and in turn rotates the shaft where compressor and generator
are mounted.

Most of commercially available MTGS are of single shaft
design and use DC-link power converter topology [13].
Typical hardware arrangement of a single shaft design is
depicted in fig. 4. Converting AC to DC is performed by
either active or passive rectifier. DC to AC conversion is
performed using voltage source converter (VSC).

The choice of using passive or active rectifier is depends on
the expected task. For example, if MTGS will be used for
shaving peak and only go online for a certain period in the
day, regular start up is needed. In this case, IGBTs based
active rectifier is employed which enabled bidirectional flow
of power. During startup, the power is extracted from the grid
to bring PMSM up to a certain speed before it can be operated
as a generator. This eliminates the need for additional
equipment for start up.

If MTGS is used to supply part of based load and is
operated continuously, start up process could be only during
initial commissioning and after major overhaul which is
happen only once in a few years. In this case, diode rectifier
for AC-DC conversion is employed.

Eventhough configuration in fig. 4 (a) offers more
flexibility, most of commercial MTGS are constructed using
configuration in fig. 4 (b) to lower its production cost and to
reduce complexity [2].

VSC is normally employed self commutated devices
controlled by pulse modulated circuit. Its circuit consists of six
IGBTs and six anti parallel diodes. IGBTs are preferred
because they allow more higher switching frequencies
compared to others self commutated devices. For MTGS
converter, switching frequency of up to 18 kHz is used which
varies depending on its manufacturer [13].

Fundamental frequency line to line AC voltage and DC
voltage of converter is related according to:

‘uCON‘ =m £ Uye (1)
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A control variable here is its pulse-width modulation index
m. This index is usually kept between 0 <= m < | because
above this value, converter starts saturating and more low
order harmonics begin to increase.

V. MICROTURBINE GENERATION SYSTEM MODELING

A. Microturbine

Microturbine system used in this study was based on gas
turbine model presented in [14]. The model was successfully
adopted for microturbine modeling by several authors [4], [5],
[6] and [15]. As depicted in fig. 5, the model comprises of fuel
control, turbine dynamic and speed governor. The main
symbols in the figure are as follows:

K : Gain of the speed governor
Ly : Mechanical torque

Wr : Fuel input signal

Wy : Fuel demand at no load

@, Wyr : Angular speed, angular speed reference

Ty : Lead-time constant of speed governor

Ty Typ, Trs, Tep : Lag-time constant of the speed governor,
the valve positioner, the fuel system, and
the compressor discharge respectively.

Speed controller works based on speed errors between
reference speed and microturbine actual speed. Speed
controller is modeled using lead lag transfer function. The
output of the speed controller represent fuel signal for the
turbine. The value of fuel signal is scaled by the gain value
and then is offset by minimum fuel value at no load operation.
A time delay associated with the fuel transportation through
the turbines and combustion reaction are considered in the
model by first order delay of valve positioner, fuel system and
compressor discharge.

A mechanical torque of a single shaft microturbine is linear
and is a function of fuel flow and turbine angular speed and is
given by the following equation [14]

t, =1.3(w, —w,,)+0.5(1-w) (2)
The input to this dynamic equivalent is generator

instantaneous speed, @ and the output is mechanical torque ¢,
to be fed to the generator.
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Fig. 5. Microturbine dynamic equivalent



B. PMSM

Microturbines  drive  usually permanent magnet
synchronous machine (PMSM). PMSM model can be derived
from full order model of synchronous machine (SM) by
making field current constant. Assuming the winding is
sinusoidal-distributed and by neglecting saturation, eddy
currents and hysteresis losses, mathematical equations of SM
for power system studies can be derived [16].

In dq rotor coordinate system, equivalent circuits of PMSM
are depicted in fig. 6 and fig. 7 respectively. Referring to fig. 6
and fig. 7, stator voltage equations are:

€)
4

Uy =rgly -y, +l/./q
u,=rgl, + oy, +y,

The rotor voltage equations are:

)
(6)

0=rpsipg + ¥
0 = qu iDq + l/./Dq

Flux linkage is required to complete the PMSM model. Stator
flux linkages are:

(7
®)

Wy = +lo)iy +1yiue +1aing
l//q = (lhq +lo‘S )Zq + IhqiDq

Rotor flux linkages are:

Woa =gty + gt go + g +1opg Vipg ©)
Yy :lhqiq+(1hq +lqu)iDq (10)
Electrical torque is given by
te = l//diq - l//qid (1 1)
Equation of motion are given by
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T, is mechanical starting time constant which is defined as a
time required to accelerate the rotor from standstill to its rated
speed. It is equivalent to per-unit inertia constant, H times two.
In steady state no load operation the PMSM terminal voltage
corresponds with

u,, =0 (14)

)

Uy = wlhdl/do

C. Power Electronic Converter

Power converter topology depicted in fig. 4 (b) is employed
in the model. VSC employing self commutated devices
controlled by pulse modulated circuit with switching
frequency of 15 kHz is used. Control variable m 1is kept
bellow 1.1. For both diode rectifier and VSC, standard
universal bridge block available in SimPowerSystem library
[17] are used.

D. Power Electronic Controller

Most of major manufactures of MTGS claim that their
units has digital control schemes controller and can be
reprogram according to the grid requirement or customer need.
In grid connected mode, MTGS is operated as a current
source. The component to be controlled is its injected current
to the grid. Converter controller for this mode is derived from
the relationship between converter and grid voltage behind its
inductor filter (refer fig. 8).

Defining currents flow into the converter and referring to
synchronous reference frame, d and q component of grid
voltages are

l
L1 N,
L2 MYN—p-
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Fig. 8. Voltage source converter connected to the grid



- dicong
, =1

Ug di -yl Leovg +Ucona (16)
dicoy, )
Usq =1 dt =+ [N R + Ucony 17)

For getting voltages of (16) and (17), controller must provide a
reference voltage signal to converter. These voltage signals are

Ucond ref = U' conag — Dyl - Icong TUca (18)
Ucong ref = u'CONq — @l icong + Uy (19)
Where
, 1 . .
U cona = Kp(l + S_TJ ) (’CONdJef —lcond ) (20)
I
. 1 . .
U cong = Kp (1 + EJ ) (lCONqirc{f - lCONq) (2D
I

are defined as current controller output. The current control
loops derived are depicted in fig. 9. In a reference frame with
orientation on the terminal voltage (d-axis always corresponds
with the direction of terminal voltage) active power can be
controlled by d-component of current and reactive part by its
g-component.

During grid fault, MTGS terminal voltage drop bellow its
rated value and active power injected into the grid is also
dropping. PMSM is however not greatly affected and continue
to deliver active power close to its setpoint value. In this
period active power delivered by the generator through
rectifier is higher than active power deliver by VSC into the
grid. This unbalance results in DC overvoltage.

DC voltage has to be maintained close to nominal value
during this fault ride through. To reduce DC voltage, the
power inside DC circuit must be transfer as fast as possible to
the electrical grid. Active current is therefore must always be
guaranteed to be controlled to keep this DC voltage close to its
nominal rated value. Active current control can be achieved by
generating its reference value by DC voltage controller. For
improving a dynamic of the converter during LVRT,
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Fig. 9. Grid connected controller
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generated power from PMSM is feeding forward to the output
of DC voltage controller.

As required by the new grid code requirement, negative
reactive current need to be injected into the grid as well during
this critical time according to the characteristic shown in fig.
3. Additional injected current into the grid means overloading
the converter. The maximum current to be injected during
LVRT must not exceed the permissible limit and has to be
limited according to

. [z ) .
lcozv‘ = Tcona T lcong <lconmax

Magnitude of current permissible for MTGS converter is
tabulated in table I [13]. Both active and reactive reference
currents generation scheme is depicted graphically in fig. 10.

Even with the described converter controller, during LVRT,
DC-link voltage could not be limited bellow 1.1 p.u. without
large capacitance in its circuit. Large capacitance however
means larger space needed to place the capacitor and this
requires bigger space for MTGS unit’s dimension. The
solution to this problem is to add DC chopper inside DC-link.
This chopper will dissipated the access power during this
critical period through its resistor. MTGS with this additional
protection device is depicted in fig. 11.

(22)

TABLE I
MTGS CONVERTER PERMISSABLE OVERLOAD CURRENT [13]

Magnitude (%) Time ( ms)
300 % 40
200 % 1.000
150 % 10.000
125 % 30.000
110 % 60.000
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Fig. 10. Reference currents generation scheme
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VI. SIMULATION
All modeling and simulations are carried out in

SimPowerSystem under MATLAB/Simulink environment
[17]. It will be shown that without the present of DC chopper
inside dc link circuit, LVRT causes DC voltage above its
permissible value. 60 kW MTGS is modeled based on
hardware arrangement shown in fig.4 (b). MTGS is connected
to the 0.4 kV low voltage bus as shown in fig. 12 through an
inductor filter. There is a local load connected to the same bus.
Maximum active power delivered by MTGS when operating at
rated value is 30 % of the total demand of the local load.
During steady state operation, all active power from MTGS is
consumed by the local load. There are two case scenarios
simulated.

A. LVRT without chopper

MTGS is operating at its rated value in grid connected
mode when there is a three phase balance fault inside HV
network for 150 ms. This fault results about 50 % in
magnitude of momentary voltage dip at the PCC node. As
required by the new grid code, MTGS must ride through this
magnitude of fault and at the same time supporting the grid
with the required negative reactive current. Eventhough for
this short duration overload, 200 % is permissible (refer table
I), for providing safety margin, 1.5 p.u. is set as maximum
converter current.

Fig. 13 depicted the respond of MTGS following
previously mention voltage dip at PCC for 150 ms. Following
the fault at t = 0.5 s, active power delivered by VSC reduces
sharply due to drop in system voltage. Active power from
PMSM through diode rectifier is however remain closed to set
point value. This imbalance caused dc overvoltage and during
this time converter controller try to increase active power
injected to the grid by increasing active current. The priority
however during this event is to provide negative reactive
current which can be seen about 1 p.u. injected into the grid.
Active current also injected into the grid during this critical
time but subjected to equation (22). The total current as can be
seen is limited to 1.5 p.u.

Even though active current is about 1 p.u., active power
injected is only about 0.5 p.u. due to low voltage magnitude.
Reactive power however increases up to 0.5 p.u. during this
low voltage event.

When fault is cleared at t = 0.65 s, grid voltage return to
nominal value but DC voltage still above its nominal value
because there is still imbalance of power transfer inside its

HV Grid 110kV/10kV ~ 10kV/0.4kV Inductor

1 km filter
+@ O ™
PCC ’ Local

load

MTGS

Fig. 12. Test grid

circuit. During this time priority is to provide active current
until the balance between power transfer in power converter is
reached which indicated by DC voltage return to its nominal
value. Reactive current immediately reduces to zero after
faults is cleared.

During the disturbance MTGS is under stress because it has
to be operating beyond its nominal operating point. Total
current delivered during and immediately after fault is above 1
p.u. of rated value continuously for about 200 ms. 150 %
overloaded is however still within the converter permissible
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limit as 1 second is permissible for this magnitude as listed in
table I. DC voltage however rises above nearly 1.2 p.u. and
this is not acceptable. In the next simulation case, chopper will
be embedded in the DC circuit to limit its voltage to 1.1 p.u.

B. LVRT with chopper

In second case, the same scenario as case one is simulated
but MTGS is equipped with DC chopper inside its DC-link
circuit. The result of simulation is depicted in fig. 14. Current
injected and power supplied into the grid are quite similar as
depicted in fig. 14 but overload time experience by the
converter is shorter. DC voltage is also successfully limited
below 1.1 p.u.

In both cases it can be seen there are current transients in
the converter current with the peak of about 2.5 p.u for about
10 ms at the beginning of low voltage event. For this
magnitude with the duration less than 40 ms, referring to table
I, is still within the capability of MTGS converter.

The simulation results been discussed so far concentrating
on electrical component of MTGS. It is also of interest to
know the stress experience by the microturbine shaft. The
rotational speeds of the shaft during simulated time are shown
in fig. 15. During steady state, generator is operating at 1.06
p-u. of rated speed. During the low voltage event due to
imbalance in electromagnetic torque and mechanical torque,
generator rotor accelerates. Without chopper embedded inside
DC-link circuit, maximum speed reaching nearly 1.2 p.u. of
rated speed. Maximum speed with the chopper however close
to 1.5 p.u. It is demonstrated that addition of protection device
inside DC-link not only reduces the stress subjected to MTGS
electrical components but also on its generator shaft.

VIL

This paper describes an investigation study of capability of
MTGS operating under new grid codes and respective
simulation results have been presented. During LVRT, MTGS
has to operate beyond its rated value for a short moment and
this cause stress on its hardware components. These overstress
can be limited within MTGS permissible overload operating
limit with the use of controller presented coordinated with DC
chopper inside its DC circuit. MTGS is also had been shown
capable of supporting the grid with capacitive reactive current
as required by the new grid code with the suggested controller.
The question whether MTGS which already been installed in
the power system capable of meeting a new grid code depends
on its design and embraced technology. Assuming its PEC
controller is programmable and DC protection devices is
already equipped or easily added if absent, LVRT with the
magnitude simulated and necessity to inject negative reactive
current during this critical period can be managed by MTGS.

CONCLUSION

VIII. REFERENCES

[1] H. B. Puttgen, P. R. Mac Gregor, and F. C. Lambert, ‘‘Distributed
generation: semantic hype or dawn of a new era?”’, [EEE Power &
Energy Magazine, vol. 1, no. 1, pp. 22-29, Jan./Feb. 2003.

W .Kramer, S. Chakraborty, B. Kroposki and H. Thomas, ‘‘Advanced
power electronic interfaces for distributed energy systems - part 1:
system and topologies,”” National Renewable Energy Laboratory,
Golden, Colorado, Tech. Rep. NREL/TP-581-42672, Mar.2008.
Capstone Turbine Corporation, http:/www.capstoneturbine.com

(2]

(3]

1ar PCC voltage (p.u.)

1
0.5

1 1 1 1 1 1 ]
0.4 0.6 0.8 1 1.2 14 1.6
Converter current (p.u.)
2r .
Ir

0.5 1 1.2 1.4

Active and reactive power injected to PCC (p.u.)

1.2+
DC-link voltage (p.u.)
1.1¢
1 " e
D 9 1 1 1 1 1 1 ]
04 (N (I R=] 1 1.2 1.4 1.6
time (s)
Fig. 14. LVRT with DC chooper
1.3F Generator speed (p.u.)
1.2} Speed without DC chopper
14} ¥
1t /
Speed with DC chopper
D-g 1 1 1 1 1 1 1
0.4 0.5 0.5 1 1.2 1.4 1.6

time (s)

Fig. 15. PMSM generator rotational speed



[4] S.R. Guda, C. Wang, M. H. Nehrir, ‘“Modeling of microturbine power
generation systems,’” Electrical Power Component and Systems, Vol. 34,
No. 9, pp:1027-1041, Sept. 2006

[5] D. N. Gaonkar, R. N. Patel, and G. N. Pillai, ‘‘Dynamic model of
microturbine generation system for grid connected/islanding operation’’,
in Proc. 2006 IEEE International Conference on Industrial Technology,
pp: 305-310.

[6] G. Bertani, C. Bossi, F. Fornari, S. Massucco, S. Spelta, and F. Tivegna,
““A microturbine generation system for grid connected and islanding
operation,”” in Proc. 2004 IEEE PES Power System Conference and
Composition, pp. 360-365.

[7] A.K. Saha, S. Chowdry, S. P. Chowdhury, P. A. Crossley, ‘“Modeling
and simulation of microturbine in islanded and grid-connected mode as
distributed energy resource,”’in Proc. 2008 IEEE PES General Meeting,

[8] IEEE Standard for Interconnecting Distributed Resources with Electrical
Power Systems, IEEE Std. 1547, 2003

[9] California Interconnection Guidebook. Sept. 2003. [online]. Available:
http://www.energy.ca.gov/distgen/interconnection/
guide book.html

[10] UL 1741, Standard for inverters, converters, and controllers for use in
Independent Power Systems, 1999.

[11] E.ON Netz GmbH, Byayreuth, Grid Code, High and Extra high voltage.

[online]. Available. http://www.eon-netz.com/ Ressources

/downloads/ENENARHS2006eng.pdf

Technische richtlinie erzeugungsanlagen am mittelspannungsnetz,

BDEW Standard. [online]. Available: http://www.energiedienst.de

/site/DE/netze/img/Pdf 02 netzanschluss/Technische Richtlinien/BDE

W_RL _EA-am-MS-Netz_Juni_2008.pdf

[13] R.H. Staunton and B. Ozpineci, ‘‘Microturbine power conversion
technology review,”” Oak Ridge National Laboratory, Washington, DC,
Tech. Rep. ORNL/TM-2003/74, Apr. 2003.

[14] W. 1. Rowen, ‘‘Simplified mathematical representation of heavy duty gas
turbines,”” ASME Trans. Journal of Engineering for Power, vol. 105, no.
4, pp. 865-869. Oct. 1983.

[15] M. Z. C. Wanik and 1. Erlich, ‘‘Dynamic simulation of microturbine
distributed generators interconnected into multi-machines power system
network,”” in Proc. 2008 IEEE International Conference on Power and
Energy, pp. 1545-1550.

[16] P. Kundur “Power System Stability and Control”, McGraw-Hill, Inc.,
1994.

[17] MATLAB/SIMULINK SimPowerSystem Documentation. [online].
Auvailable :http//www.mathworks.com

[12

—

IX. BIOGRAPHIES

M. Z. C. Wanik (SM’ 01 M’ 03 GSM’08) received his
BSc in Electrical Engineering from University of Evansville,
USA in 1997 and MEngSc in Electrical Utility Engineering
from Curtin University of Technology, Australia, in 2002.
From 1997 to 2000 he was an engineer at Sony Technology
(M) Sdn. Bhd. He joined Universiti Kebangsaan Malaysia in
2000 and presently is a lecturer at the same University. Since
2006 he is pursuing his PhD degree in the Department of Electrical Power
System at the University-Duisburg-Essen, Germany. His current research
interest is modeling and simulation of distributed resources integration to
power system. He is a graduate student member of IEEE.

Istvan Erlich (1953) received his Dipl.-Ing. degree in
electrical ~ engineering from the  University of
Dresden/Germany in 1976. After his studies, he worked in
Hungary in the field of electrical distribution networks. From
1979 to 1991, he joined the Department of Electrical Power
Systems of the University of Dresden again, where he
received his PhD degree in 1983. In the period of 1991 to
1998, he worked with the consulting company EAB in Berlin and the
Fraunhofer Institute IITB Dresden respectively. During this time, he also had
a teaching assignment at the University of Dresden. Since 1998, he is
Professor and head of the Department of Electrical Power Systems at the
University of Duisburg-Essen, Germany. His major scientific interest is
focused on power system stability and control, modelling and simulation of
power system dynamics including intelligent system applications. He is a
member of VDE and a senior member of IEEE.





<<
  /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 1.6
  /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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /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
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /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
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


