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Abstract: The purpose of this research is to find
possibilities to recover electric energy in a hydraulic
forklift system. The drive consists of a DTC controlled
electric servo motor directly running a reversible
hydraulic pump. A real system was built and tested,
especially, from the energy recovery point of view.
Results of the system were analyzed and compared and
according to them, energy can be recovered efficiently
from the hydraulic forklift system. Also new ideas and
directions of further research were obtained during the
research.

Index Terms: Electric energy recovery, forklift, electric
servo drive, hydraulics

I. INTRODUCTION

Energy efficiency is the theme of all engineering
fields nowadays. Due to the large number of forklifts
used in the world even a small energy saving in one
device would mean a large energy saving in total.
Electric forklifts usually use accumulators as a source
of electric energy, and therefore, they have a need to
be frequently recharged. A forklift cannot be used for
working during a recharge period unless the battery is
replaced. Extending the time of usage can be done in
two different ways, either by developing new
accumulator technologies [1] or by recovering energy
from as many functions as possible, for instance from
braking [2], to make the accumulator charge last
longer. The best solution would be a combination of
these two ways. In this way it is possible to make a
forklift work more efficiently and longer and also
make it more ecological.

Traditional forklifts use lead-acid accumulators to
supply electric energy to an electric motor drive to
rotate a hydraulic pump. The control of hydraulics is
realized with directional, servo and flow control
valves. Energy is used for all movements, but none is
recovered back to accumulators except maybe the
braking energy of driving. [3]

The experimental test setup uses a speed
controlled motor, drive and a hydraulic pump to
control the hydraulics instead of a directional or a
servo valve. An application program was made for the
electric drive ACSM1 to control both the electrical
and hydraulic side of the forklift system. The purpose
of this program was to make a system that can be
controlled easily with different speeds up and down
and at the same time recover energy as much as
possible in the lowering. This testing was done using

a hydraulic internal gear pump capable of operating
both as a pump and as a motor. The pump
construction seems to be one of the main issues in the
electric energy recovery system. Some of the internal
gear pumps are suitable for operating as a motor but
not all of them. It is also known that piston type
pumps are more energy efficient but they are also
more expensive.[4]

From the electric drive point of view the
efficiency of such an energy recovery system may be
improved by selecting as energy efficient electric
drive types as possible. Permanent magnet
synchronous motors offer the best possible
performance from the efficiency point of view. In the
power range of few kilowatts the permanent magnet
servo motors may give about 94 % efficiency. As
frequency converters offer rated efficiency of 98.5 %
the energy efficiency of an electric forklift mostly
depends on the hydraulic system — especially the
pump — and the accumulator.

I1. General Overview of the Test Setup

The structure of the hydraulic and electric system
for testing the forklift is presented in Fig.1.
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Fig.1 - Structure of hydraulic and electric system for testing.
The electric motor drive operates directly the pump and is,
hence in principle, capable of position control of the fork.



For the test setup, electricity is supplied to ABB-
manufactured ACSM1 servo drive converter from
network and it is connected to the servomotor with
phase connections and a cable for a resolver.

The motor is mechanically connected to the
hydraulic pump and these two act either as an electric
motor-hydraulic pump or electric generator-hydraulic
motor combination.

To control the upwards and downwards
movements and to stop the load from falling down on
its own, a hydraulic valve is used. This valve is a
poppet type 2-way normally closed valve and it
contains a check valve in its closed position. The
valve is controlled with solenoids and a spring to
switch it to default position. This valve is in further
texts referred to as a control valve even though it is
not used for the actual control purposes.

The pump takes its oil from the tank and pumps
the oil through the control valve to the cylinder to
move the piston and forks upwards. If the pressure
before the control valve becomes too high, a pressure
relief valve will direct the flow of oil straight to the
tank, thereby limiting the maximum system pressure
to appr. 200 bars. The control valve is used only to
choose between the movements directions of the
cylinder piston to either upwards or downwards. In
upwards movement and when the movement is
stopped, the oil can flow through the control valve
only to the cylinder. With this, the pressure can be
kept in the cylinder and the load in a stable position,
without having to use the pump all the time. When the
control valve is used in downwards movement, oil
flow from cylinder to the pump is now allowed by a
control command. As oil goes back to the tank
through the pump, the pump acts as a motor and
rotates the servomotor in generating mode. When
working as a generator the motor returns electricity to
the DC-link of the ACSM1 frequency converter. The
control valve position is controlled by the ACSMI.

(3]

The control principle of the ACSM1 is based on
the direct torque control method (DTC). The main
features of DTC are: The motor torque is controlled
by directly controlling its stator flux linkage. In
principle only two simple vector equations are needed
in the control

y/s,est = J. (us - is,measRs )dt’ (1)
];,est = %p(‘lls,est X is,meas ) (2)

The stator flux linkage vector ¥ . is estimated by
integrating the stator voltage u, of which the resistive
stator voltage loss is subtracted. The torque is found
as a cross product of the stator flux linkage and the
measured current vectors. DTC provides the
following advantages: minimum torque response time,
accurate torque control at low frequency, torque
linearity and dynamic speed accuracy. [6] As a DTC

converter is equipped with position control features it
should be possible to control the hydraulic system so
that the position of the piston is directly controlled by
the driving motor rotor position. This is, however,
complicated by the leakage of the hydraulic pump.
Especially, internal gear pumps leak so that we could
compare a synchronous motor driven internal gear
pump drive to an induction motor drive with a slip. In
a piston type pump the leak is small and the position
of the cylinder can be controlled relatively accurately
with the servo motor drive position control. This
study, however concentrates on the efficiency of the
energy recovery system.

II1. Experimental tests

Internal gear pumps are cheaper than piston type
pumps and despite their lower efficiency the internal
gear pump was first tested. The forklift system was
equipped with a hydraulic internal gear pump, which
can also be rotated to the other direction as a
hydraulic motor. Fig.1 shows efficiency curves an
internal gear pump. [7]
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Fig.1-Efficiency curves of internal gear pump

Internal gear pump is operating well at higher
speeds. When operating at low pressure and low
speed an internal gear pump has a lot of leakages, and
its operation is not efficient. The higher the pressure
differential across the pump is the lower the
volumetric efficiency is. Optimum working operation
pressure is approximately 100 bar in this case.

The pump was tested with different rotation
speeds of the servomotor. For the internal gear pump
tests were made with a gross of 750 kg, 940 kg. The
fork system tare is 250kg. The masses were lifted to
heights of 1.0 m, 2.0 m, 3.0 m, 4.0 m and 5.0 m. The
values measured from ACSMI1 were the rotation
speed of the motor, current in the drive, torque in per
cent of the nominal torque of the motor, the dc-
voltage in the intermediate circuit of ACSM1 and the
relay signal that marks the changing of the control
valve position to move forks downwards or to stop the
movement.



A. Measurement of efficiency for upwards and
downwards movements for different masses

The efficiency of the upwards movement is
defined as

- :LZV (3)

where W, describes the potential energy stored
in the gross load lifted to the up-position and W, is
the input electric power to the system.

The following results of calculation do not include
the efficiency of the motor and the converter. The
analysis of the motor efficiency and the efficiencies of
the converter and the hydraulic parts of the system
will be done separately.

Fig. 2 shows the result of measurements for
upwards movements for height from 1 meter to 5
meters with just tare, 250kg.

100 |
90
80 | w T+ =37
20 r;-:--:--IT-IQ.T.Tk
60 - Tr el

X 50 - —+\.—\1§.
40 a3
30
20 e
10 —
0 T T T T ‘ ‘ ‘

200 600 1000 1400

n, rpm
Fig. 2 - Efficiency for up movement 77,, with tare 250 kg

Results show that with increasing speed of
rotation more energy is needed for the upwards
movement and the efficiency will be lower. The
results indicate that the hydraulic losses become
dominant as the speed and the flow increase.

The efficiency of the downwards movement is
defined as

ndown = VV""reC s (4)
VVpol,up
where W, describes the electrical energy

recovered from the movement.

When comparing with Fig. 3 which presents the
efficiency for the downwards movement with the
same mass, it can be noticed that energy is clearly
recovered. With the pump used, the efficiency is low
for the original lifting height of 1 meter. The pump

needs additional energy which can be achieved by
increasing the mass. With increasing height and
higher mass, the efficiency will also be higher.
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Fig.3 - Efficiency for down movement with only the 250 kg
tare of the fork

Fig.4. shows the efficiency of downwards movement
for a gross of 750 kg.
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Fig.4 - Efficiency for down movement with gross 750 kg

According to Fig. 4 the worst case efficiency is
45% and in the best results the efficiency is 62%.

Fig.5 shows another interpretation of Fig. 4,
efficiency depending on speed. With increasing speed
in low heights, the efficiency is much lower than with
heights of 4 and 4.5 meters.
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Fig.5 - Efficiency for down movements with gross 750 kg
Theoretically at the higher speed of operation, the
pump is more efficient, but because of increasing of

leakage in internal gear pump, efficiency of system in
highest speeds decreased.

Fig. 6 shows upwards movement of gross 750 kg for
different heights.
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Fig. 6 - Efficiency for up movement with gross 750kg

When comparing Figs. 5 and Fig. 6, it can be seen
that more energy is needed for lifting mass upwards
than what can be recovered form the downwards
movement. With the lowest speeds for up movements,
the efficiency 7,, is not so good. This is mainly the
result of the pump "slip" that lets the oil leak.

Fig.7 shows comparison of downwards efficiencies
with different masses and different speeds.
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Fig.7 - Comparison of efficiency for down movement with
different mass and height 1 meter

According results increasing the mass by 25%
improved efficiency with 6% in average.

According to a separate analysis of efficiency: at
the lower speed are 50% of losses in hydraulic, this
can be explained by slip in pump, at higher speed
losses of flow decrease efficiency of hydraulic part of
system. Efficiency of hydraulic pump is similar to
manufacturer’s waveform. Comparing upwards and
downwards movement there is near 20 % difference
in efficiency. This difference can be explained by
nonstandard usage of internal gear pump like a
hydraulic motor. Efficiency of converter changes with
increasing speed from 77 % to 97%, and efficiency of
generator changes accordingly from 71% to 97%.
According to these measurements biggest part of
losses concentrate in hydraulic part, which contain
pump, valves and pipes.

B. Cycle calculation of efficiency

There were 9 cases for cycle calculation of efficiency.

Fig. 8 shows a working cycle when five masses of
500 kg are lifted from 0 m to 4.5 meters and the tare
is lowered alone.
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Fig. 8 - Case 1



Fig.9 shows the working cycle, when five masses of
500 kg are taken down from 4.5 meters to 0 meters
repeating this 5 times. The 250 kg tare is lifted alone.
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Fig. 9 - Case 2

In Fig. 10 the first picture shows a working cycle
when five masses of 500 kg are lifted from 0 meters
to 1 meter. The second picture shows a working cycle,
where five masses of 500kg are taken down from 1
meter to 0.
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Fig. 10 - Case 3 and 4

In Fig. 11 the first picture represents the case
number 5, where masses are lifted from floor level to
3 meter height 5 times and in case 6, mass is lifted 5
times down from 3 meters to floor.
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Fig. 11 - Case 5 and 6

In Fig. 12 is shown that presents a working cycle
when a mass of 500 kg is taken down first from 5 m
to 0 meters, then from 4 to 0 meters continuing with

from 3 to 0 meters, from 2 to 0 meters and last from 1
to 0 meters.
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Fig. 12 - Case 7

Fig.13 shows the working cycle when a mass of
500kg is lifted up with the same cycle of heights like
in case 7.
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Fig. 13 - Case 8

Fig. 14 represents a case when lifting a mass of
500 kg from 1 meter to 4 meters, then lifting down a
mass of 500 kg from 2 meters to 1 meter and then
lifting a mass of 500 kg from 5 meters to 3 meters.

Fig.14 - Case 9

It was assumed that no adjustment of fork height
when getting a load on forks was done, so that forklift
user reached the needed height with the first attempt.
Some calculated values were interpolated from the
measured data.



Fig.15 shows two cases of energy usage from
accumulator, system with and without energy
recovery with speed 1400 rpm.
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Fig.15 - Energy taken from accumulator and recovered from
down movement with speed 1400 rpm

According to Fig. 15 in some cases the energy
used from recovery is more than half of total energy
used.

Fig. 16 shows ratio in per cent between recovered
energy and energy taken from accumulator.
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Fig.16 - Ratio between recovered energy and energy taken
from accumulator for lifting sequences for motor speed of
1400 rpm.

Of course, it is impossible to calculate all possible
working cycles, but it seems that if all recoverable
energy could be stored and used again for upwards
movement it would help to increase the working time
and the life cycle of the accumulator remarkably.

Fig. 17 shows two cases of energy usage from
accumulator, system with and without energy
recovery with motor speed of 800 rpm.
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Fig.17 - Energy taken from accumulator and recovered from
down movement with speed 800 rpm.

When comparing Fig. 17 with Fig. 15 it can be seen
that both results are very efficient and the recovery of
energy helps a lot. With the recovery of energy, the
amount of work cycles for one complete discharge of
the accumulator can be increased. For higher speeds
bigger amounts of energy are needed for lifting mass
up, but then it also gives more energy from the down
movement, because drive does not need to force the
speed to be so low and mass can go down more
freely.

Fig.18 shows ratio of used and recovered energy for
lifting sequences for speed 800 rpm.
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Fig.18 - Ratio between recovered energy and energy taken
from accumulator for different lifting sequences for speed
800 rpm.

When comparing Fig. 16 and Fig. 18 there is bigger
ratio between recovered energy and the energy taken
from accumulator with lower speed.

It is assumed that the standard accumulator
voltage/capacity in forklift is 48V/620Ah. The usable
capacity, however, is very often only 80% of the rated



capacity to ensure maximum accumulator

Calculated average energy capacity in joules is equal

to approximately 85.7 MJ. [8]

Table 1 shows the amount of work cycles with this
accumulator, with and without recovery for different

work cycles with a speed of 800 rpm.

Table 1.
Number Amount of Amount of
A work cycle for | work cycle for
of lifting . .
£ energy with energy without
requences
recovery recovery
1 8587 580
2 382 296
3 1838 1721
4 16143 4036
5 604 492
6 7325 942
7 9778 930
8 596 488
9 2125 1161

According to Table 1 the amount of work cycles
depends greatly on the number and type of
movements in that sequence and varying these can
increase the life time of accumulator more than 50 %.

Table 2 shows the amount of work cycles
according to energy usage and the types of cycles.
The cycles are the same as before but now for speed

of 1400 rpm.

Table 2.
Number Amount of Amount of
i work cycle for | work cycle for
of lifting . .
energy with energy without
frequences
recovery recovery
1 4343 531
2 340 284
3 5261 5075
4 7398 3415
5 558 479
6 3630 873
7 4920 891
8 540 467
9 1777 1085

Comparison of Table 1 and Table 2 shows that with
lower operational speeds there is a bigger amount of
work cycles for one full discharge of the accumulator.

Fig.19 shows the difference of amount of work cycles
with energy recovery, between speeds 800 rpm and
1400 rpm.
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Fig.19-Amount of work cycles with energy recovery for
speeds 1400 rpm and 800 rpm.

According to Fig. 19 there is a bigger amount of work
cycles for speed 800 rpm. But results with 1400 rpm
are still good when compared to the amount of work
cycles without using energy recovery. In future more
research must be done with higher speeds.

IV. CONCLUSION

The target of this study was to estimate the
possibilities of recovering energy from hydraulic
system movements by using an industrial electric
drive and an electrical servo motor. The most
important result was that it is possible to recover
significant amounts of energy from the forklift
system. Experiments were done with different speeds.

Experiments show that efficiency is extremely low
during operation with only one cylinder height
without load. With the lowest speeds for up and down
movements, the efficiency is not so good. This is
mainly the result of the pump "slip" that lets the oil
leak. Efficiency of hydraulic pump is similar to
manufacturer’s waveform. The 20 % difference in
losses between upwards and downwards movement
can be explained by nonstandard usage of internal
gear pump like a hydraulic motor. Efficiency of
converter changes with increasing speed from 77 % to
97%, and efficiency of generator changes accordingly
from 71% to 97%. According to these measurements
biggest part of losses concentrate in hydraulic part,
which contain pump, valves and pipes.

The amount of work cycles for speed 800 rpm is
bigger when compared with speed 1400 rpm.
Choosing of work cycles was done randomly and
some of the calculations were based on crude
mathematical analysis, but still these will give us an
idea of the energy efficiency.

Recovered energy from braking alone is not
enough for upwards movement, but this energy can be
used for reducing energy use from battery. This
method will decrease lost time of forklift truck.



REFERENCES

[1]. A. Leon (ed.), Hydrogen Technology, Robert Hahn,
Status of Exsisting Technologies, 2008.

[2]. Min. Ye, Zhifeng/ Bai and Binggang. Cao, 2007,
Robust Hybrid Control for Energy Recovery for Main
and Auxiliary Sourses of Electrical Vehicle, IEEE
Conference Publishing , (retrieved October 1, 2008),
from: www.ieee.com

[3]. Zhang Chhuanwei, Bai Zhifeng, Cao Binggang, Li
Jingcheng, 1996, Study on Regeneration Braking of
Electric Vehicle, IEEE , (retrieved October 1, 2008),
from: www.ieee.com

[4]. S.R. Majumdar, Oil Hydraulic Systems.Principles and
Maintaince, 548 pages, 2003.

[5]. Minav T., Electric energy recovery system for a
hydraulic forklift, Master’s Thesis, Lappeenranta
University of Technology, 70 pages, 2008.

[6]. J.Pyrhonen, M.Niemela, J.Kaukonen, J.Luukko and O.
Pyrhonen,1998, Test results with the Direct Flux
Linkage Control of Synchronous machines,
IEEE,(retried October 8, 2008), from: www.icee.com

[7]. Echerle Hydraulic Division, EIPS 2 Internal Gear
Pumps, 2007,(retrieved April 20,2008), from:
http://www.erkerle.com

[8]. Edward M. Marwell. Eugene P. Finger, and Eugene
Sands,Battery Book One. Lead Acid Traction
Batteries, 72 pages, 1981.

Acknowledgements

Research was enabled by the financial support of
Tekes, the Finnish Funding Agency for Technology
and Innovation and FIMA (Forum for Intelligent
machines) at the Electrical Engineering Department of
Lappeenranta University of Technology,
Lappeenranta.

'Tatiana A. Minav born in 1984 in Cherkassu, Ukraine.
She received the M.Sc degree in 2008 from Lappeenranta
University of Technology (LUT) and M.Sc. degree in 2008
from Saint-Petersburg Electrotechnical University “LETI” .
She is currently working in the Laboratory of Electrical
Drives Technology in Lappeenranta University of
Technology. Her current interests include position motion
control with help of drive, hydraulics simulation and energy
recovery systems in mobile working machines.

“Lasse L.LE. Laurila was born in Helsinki, Finland, in 1971.
He received the M.Sc., Lic.Tech. and D.Sc. degrees from
Lappeenranta University of Technology, Lappeenranta,
Finland, in 1996, 2000 and 2004, respectively.
His research interests include power electronic converters,
variable-speed drives, particularly simulation of coupled
electromagnetical problems, and energy recovery systems in
mobile working machines. Dr. Laurila is currently a
research scientist at the Laboratory of Electrical Drives
Technology in Lappeenranta University of Technology.

‘Paula A. Immonen born in 1986 in Imatra, Finland. She
received the M.Sc degree in 2008 from Lappeenranta
University of Technology (LUT). She is currently working
in the Department of Electrical Engineering, LUT. Her
current research interest is the diesel-electric hybrid drive
systems.

‘Mari E. Haapala received M.Sc. degree from Lappeeranta
University of Technology in 2008 respectively. Currently
working towards D.Sc. degree in electrical engineering at
LUT.

‘Juha J. Pyrhonen, (IEEE member) born in 1957 in
Kuusankoski, Finland, received the Doctor of Science
(D.Sc.)degree from Lappeenranta University of Technology
(LUT), Finland in 1991. He became an Associate Professor
of Electrical Engineering at LUT in 1993 and a Professor of
Electrical Machines and Drives in 1997. He is currently the
Head of the Department of Electrical Engineering in the
Institute of LUT Energy, where he is engaged in research
and development of electric motors and electric drives. His
current  interests  include  different  synchronous
machines and drives, induction motors and drives and solid-
rotor high-speed induction machines and drives.




<<
  /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


