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Abstract

In this paper a new electric ship propulsion system is proposed as combination of a
double generator set with a double inverter feeding a wound rotor synchronous
machine (WR-SM). Each generator set is composed by a diesel engine directly
coupled to a compact, permanent magnet, synchronous generator. A diode rectifier
connects the output of the generator to a variable voltage dc bus. The dc bus feeds
one of the input sides of the double inverter. The double inverter acts as a multilevel
converter and it is able to drive the 3-phase 6-wire motor coupled to the propeller.
The two generator sets can operate either jointly or one at a time, depending on the
power demand from the drive system. The working point of each diesel engine is
determined in order to supply power to the propeller with maximum efficiency.

1. - INTRODUCTION

The proposed drive system meets very well the needs of
the naval propulsion [1]-[2], due to the intrinsic
advantages of the diesel-electric propulsive system and,
here, to the availability of the maximum torque at very
low speed. Therefore, it appears of particular interest for
a ship where different propulsive requirements must be
fulfilled, due to its operative profile.

Tugs, pushers and trawlers belong to this category.
Trawlers, in particular, must reach the fishing ground at
cruising speed, in a first time, and then they must trawl
the fishing gear at a reduced speed. In this case not all
the engine power but a very large torque at reduced
speed is needed. The proposed propulsion system,
shown in Fig.1, gives the possibility to sizing the
electric drive on the basis of the maximum torque

ISBN: 0-7803-8305-2

demand and of the maximum rotating speed at the
propeller shaft.

Sizing of the diesel generator system is based on the
splitting of the power source in two separate generation
units. In this way during high-torque, low power
operation it is possible to supply the electric drive by
using only one diesel motor. This operating condition
improves the running of the diesel engine and then get
great advantages in terms of fuel saving.

2. - GENERATOR SET

The control system acts in order to keep the diesel
engine close to its maximum efficiency point (N=Tyax)
for every power to be tranfserred to the propeller. For
this urpose, the diagram P=P(®) for n=nm.x must be



preliminary determined.

Due to the presence of both permanent magnet
syncronous generator and uncontrolled diode rectifier,
the DC bus voltage is proportional to the engine speed,
ranging from the no-load speed and the maximum speed
(the ratio is usually 1:3). This is a useful characteristic
for the propeller drive, since higher DC bus voltages are
required only for higher propeller speed, i.e., high
power demand. For lower propeller speed, i.e., low
power demand, the lower DC bus voltage allows
reducing the power switching losses and the high
frequency losses associeted to the voltage and the
current harmonics in the propeller AC motor.

3.- MULTILEVEL CONVERTER

The drive system is based on the use of a multilevel
converter in the “dual two-level inverter” configuration
for the supplying of an open-end winding, 3-phase
motor [3]-[4]. Fig.2 shows the scheme of the power
section of the multilevel converter.

The proposed multilevel converter can operate in two
modes: supplied by one source (Ey or E;) or by both

sources (Ey and E;). When the converter is supplied by
only one source, the motor is able to generate the rated
torque up to half the rated speed. Higher speeds can be
reached with decreasing torque values (constant power
operation). When the converter is supplied by both
sources, the motor generates the rated torque up to the
rated speed. Higher speeds can be reached with
decreasing torque values (constant power operation). In
this operating mode, the power sharing between the two
converter stages can be controlled in order to match
with the power sharing between the corresponding
generation units. The “dual two-level inverter” structure
allows a great flexibility in the choice of the
contribution to the propeller power demand. In
particular, even if a power stage or a generation set is
out of order, the system can operate at reduced power
by keeping the rated torque up to half the rated speed. It
means a high reliability of the propulsion system.

The proposed scheme should be preferred to other
multilevel configurations owing to the following
advantages: absence of common mode currents in the
motor windings, full dc bus voltage utilization,
multilevel configuration obtained by two standard three-
phase two-level inverters.
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Fig. 1 Block diagram of the proposed diesel-electrical propulsion system
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Fig. 2 Dual two-level inverter topology feeding the six-wire, wound-rotor synchronous machine

3.1. - Modulation Strategy based on Space Vectors

With reference to the scheme of Fig. 2, using space
vector representation, the output voltage vector v is
given by the contribution of the voltage vectors v, and

v, , generated by inverter /{ and inverter L, respectively,
V=g 4V (D
The voltages v, and ¥, can be expressed on the basis
of the dc-link voltages and the switch states of the
inverter legs. Assuming Ey,; = E; = E leads to
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where {S\y, S, Sam, Siz, Sa, Szt = {0, 1} are the
switch states of the inverters legs. A space vector repre-
sentation of the output voltage vector is given in Fig. 3.
The combination of the eight switch configurations for
each inverter yields 64 possible switches states for the
whole multilevel converter, corresponding to 18
different output voltage vectors and a null vector. By
using the SVM technique, these voltage vectors can be
combined to obtain any output voltage vector lying
inside an outer hexagon, having a side of 4/3 E. In
particular, with reference to sinusoidal steady state, the
maximum magnitude of the output voltage vector is
2 E/ 3 (i.e., the radius of the inscribed circle).

The outer hexagon is composed by 24 identical
triangles. For symmetry reasons, only three different
regions can be identified. As shown in Fig. 3(b), there
are 6 inner triangles (region O - dashed), 6 intermediate
triangles (region @ - white), and 12 outer triangles
(region @ - dotted).

In a multilevel inverter the output voltage vector is
synthesized by modulating three adjacent vectors corre-
sponding to the vertices of the triangle where the output
voltage vector lies. It means that, in each region and

within each switching period, v is synthesized by using

the vectors v ,,v,, v, as represented in Fig. (ébfor the

three types of triangles. The corresponding duty cycle
i Ay, can be determined by the standard SVM

technique, according to

3)

3.2. - Power Sharing

A novel modulation technique, able to regulate the
power sharing between the two dc sources, is presented
in this section. The balanced operation can be
considered a particular case.

Introducing the power ratio k, the output power p
(average value over a switching period) can be shared
between the dc sources (H and L) according to

_ Pu=-Vg-i=k-p
P=Fi=py+p, > 2 4)
2 3
pL_EVL l:(l_k) p

Assuming the inverter voltage vectors vy, v; in phase

with the output voltage vector v , (5) leads to
\7]_] = k \7
v, =(-k)v

In order to synthesize an output vector v, the two

®)

inverters must generate the corresponding fraction of v
by applying only their active vectors Vo Vg and null

vector. Being v, and v, in phase, they lay in the same

sector and can be synthesized using the same adjacent



active vectors Vo V-

The duty cycles p,;,A;,7,;» Tepresent the application

time of active vectors Vo Vp and null vector, re-

spectively, for inverter H. The duty cycles, pu; ,A;,y;,

represent the application time of active vectors v, Vg
and null vector, respectively, for inverter L. They can be
determined by using the standard SVM equations. In

this way, the voltage generated by the two inverters are

{VH =Uy Vg +7\'H ‘7[3 ) (6)

VL =ML Ve ALV

3.3. - Operating Limits
The constrains of the duty-cycles expressed in (6) are

Ry 20 Hy 20
apz0 oadhose ©)
My +Ay <1 pp+i, <1

These constrains introduce a limit in the range of
variation of the power ratio £. In particular, the range of
variation of k£ can be evaluated as a function of the
desired output vector v .

If the output voltage vector is written as v = Ve/?, the
modulation index m can be defined as

v 0<m<1

In Fig. 4 are represented the boundaries of k£ as a
function of the phase angle 9 of the output voltage, for
m =1 and m = 2/3. In most applications is required to
share the output power between the dc sources in equal
parts. This means that £ must be fixed to 0.5 during the
whole fundamental period, 0 < 3 <2x. If the maximum
output voltage is required (m = 1), there is no possibility
to regulate the power sharing between the dc sources. In
this case only the value k& = 0.5 is admissible.

Fig. 5 shows the upper and lower limits of £ with
reference to sinusoidal output voltages as a function of
the modulation index m. It can be noted that for m < 0.5
the power ratio k can be greater than unity and lower
than zero. It means that an amount of power can be
transferred from a dc source to the other, and the
inverter voltages v, and v, become in phase
oppositions, as shown by (5). This feature could be
interesting when using rechargeable supp'b s, e.g.
batteries, because it represents the possibility to transfer
energy between the two sources. In this paper only the
range 0<k <1 is discussed since energy storage
devices are not included in the proposed scheme.

For m<0.5 the output voltage vector lies within the
circle of radius E/ V3. In this case, the output power

can be supplied by the two inverters with any ratio. In
particular, if & is set to 0, all the load power is supplied
by inverter L. Whereas, if k is set to 1, all the load
power is supplied by inverter H. This is a very
important feature of this converter in case of fault,
because it represents the possibility to supply the load
by using one inverter and one diesel engine only.
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Fig. 3 (a) Output voltage vectors generated by the dual, two-level inverter.
(b) Highlight of the triangles in three different regions @, @, and @
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Fig. 4 Possible values of the power ratio k for modulation
indexes m = 1 (blu) and m = 0.7 (red)

3.4. - Results

The proposed switching techniques have been
numerically implemented in the Simulink environment
of Matlab by wusing appropriate S-functions. In
particular, the typical discretizations caused by a real-
istic digital control system have been taken into
account. A simplified ideal model has been considered
for power switches, without additional dead times. The
tests have been carried out considering the same dc
voltage for the dc sources: £ = 100 V, and sinusoidal
balanced reference output voltages (f= 50 Hz). In order
to emphasize the switching actions, a large switching
period has been adopted: Ts= 500 us (fs = 2 kHz).

The voltage waveforms generated by the two inverters
are shown in Fig. 6, from top to bottom: (1) line-to-line
voltage of inverter H (vi,y), (2) line-to-line voltage of
inverter L (vi5), and (3) load phase voltage (v;). The
solid blue lines represent the instantaneous values,
whereas the dotted green lines represent their moving
average over a switching period.

It can be noted that the line-to-line voltages are
distributed on three levels (0, £F), as expected for tra-
ditional three-phase inverters, whereas the output phase
voltage is distributed on nine levels (0, £1/3E, +2/3F,
*F, $4/3E), as expected for a multilevel converter.

Fig. 6(a) corresponds to the maximum sinusoidal output
voltage for the multilevel converter, m = 1(v = 2N3 E),
and k = 1/2. In this case, the two inverters generate the
same voltages and then supply the same power.

Fig. 5 Limits of the power ratio & as function of the

modulation index m

Fig. 6(b) shows the waveforms corresponding to a
magnitude of the output voltage vector equal to the side
of the inner hexagon, v=2/3 E (m = 1N3), and & = 2/3.
In this case, the outer triangles (region ®) are not
involved, and the output voltage is distributed on the
lower seven levels only. Being k = 2/3, the voltages and
the power generated by inverter H are double with
respect to the ones generated by inverter L.

The effectiveness of the multilevel modulation is proved
by observing that the output voltage is distributed in
three levels within every switching period.
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Fig. 6a. Voltage waveform for different values of m and k&
(1) line-to-line voltage generated by inverter H
(2) line-to-line voltage generated by inverter L

(3) load phase voltage (output)
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Fig. 6b. Voltage waveform for different values of m and k&
(1) line-to-line voltage generated by inverter H
(2) line-to-line voltage generated by inverter L

(3) load phase voltage (output)

4. - WOUND ROTOR SYNCHRONOUS MACHINE

The drive system for a WR-SM requires a field
excitation winding on the rotor, brush slip rings for
supplying the rotor winding and a dc/dc chopper for the
regulation of the excitation current. This additional
hardware is based on reliable technologies and does not
represent a relevant increase in the cost of the whole
drive. The main features of the proposed WR-SM drive
system are the capability to generate high torque at low
speed without excessive overload of the stator windings
and to operate theoretically at constant power until
unlimited speed [5], [6]. The expected efficiency of the
whole drive system (multilevel converter and WR-SM)
is higher than 95% for a power rating of hundreds of
kilowatts. This high efficiency value could be also
obtained with a Permanent Magnet Synchronous
machine (PM-SM). Unfortunately it is known that in a
PM-SM, the machine parameters allowing constant
power operation until very high speed do not match
with the parameters necessary to reach the highest
torque at low speed.

In the following the attention will be focused on the
control technique of the WR-SM that gives the
maximum torque per ampere of the stator current for
any rotating speed.

4.1. - Linear Analysis
The limit given by the inverter current capability can be
represented by

.2, .2 2
ig +ig =17, ®)
where I, is the magnitude of the rated current of the

inverter.
The limit given by the maximum available voltage can

be represented by
R VO AL
e
i+ e = ©
q Ld C()Lq

where V, is the magnitude of the maximum voltage the
inverter can generate.

Using a representation based on the p.u. components
iy =iy /1, and i, =i, /1,,

the current limit (8) defines a unity radius circle centred
in the 7d, Tq plane origin, while the voltage limit (9)

defines an ellipses family.

At low speed, the maximum torque per ampere is
always obtained with the excitation current equal to its
maximum value (7,=i.,). Fig. 7 shows torque
hyperbolas obtained for different values of the
excitation current. The higher is the excitation current,
the higher is the torque that can be generated with the
same stator current.

I1<a<ay

Fig. 7 Diagram of the operating conditions of a machine with
r=3, in he normalized Td;q plane

In the low speed region for the maximum value of the
excitation current (i.=lg) the voltage ellipses are
centred in i; =—a,, , where
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With this excitation current, the stator current vector
angle 9, that gives the maximum torque is found by

imposing % =0, leading to

[ 2 .2
—ay +4ay +r
cos Sy = M y ,M , (11)
r

L
where r':I—l, p=—d
r L

The highest speed @z, at which maximum torque can

r: saliency ratio;

be obtained, is

V.
0p =—"—, (12)
byL,l,

where by 2\/(1—0052 83)+r2(c0s 95 +a)2 . (13)

The point B, shown in the p.u. diagram of Fig. 7,
represents the base operating point of the machine [6].
As the angular speed exceeds wp the maximum torque
will assume values lower than 3 owing to the voltage
limit constraint. However for any angular speed
® > ®p it is possible to find a combination of armature
current components and excitation current, defined by
suitable values of 9 and a, which allows the highest
torque to be generated. It is verified that, taking into
account the voltage limit, this operating condition is
achieved at unity power factor.

It is possible to determine the phase angle 3, of the

armature current vector that ensures unity power factor
at any angular speed ® > @p . The solution is

Sy = n—tan”!

v, -1
L — | =mn—1 b). 14
o], T —tan ( ) (14)

The corresponding excitation current is given by
_V.sin3y —oL,I, cos 3y

iy = . 15
eH (DMSG ( )

It can be verified that the resulting torque corresponds
to constant power operation. Furthermore, the parameter
ay assumes the asymptotic value ay=1 for ® — o, that
means the centre of the voltage ellipses is placed on the
current limit circle (i.e. ay =1 = Mi gy =L,1,.) [6].
The machine operation with unity power factor is
prevented at low speed by the maximum value of the
excitation current. In this speed range, considered as a
transition region between constant torque and constant

power operation, the best performance is obtained in the
points of the current limit circle defined by the
intersection with the voltage ellipses. The current vector
angle can be calculated as

—rla,, +\/—r2 +rb? +1-b% +r%aj,

-1

(16)

cosSpc =

4.2. - Simulation results

Fig. 8 represents the operating condition in the p.u.
coordinates for a machine with r=3, ay=1.8. The base
point B is found with bg= 6.42, while unity power factor
operation is obtained for values of b lower than
bc=4.95. At very high speed the excitation current is
reduced to a value corresponding to ay=1. In Fig. 8 it
can be noted that the excitation current is kept to its
maximum value until the point C corresponding to the
end of the transition region, and then decreases at higher
speed. During the transition range, the power factor
increases from 0.85 to 1. Torque is constant for speed
lower than the base speed (point B) while power is
constant for speed higher than that in point C. Operation
of the WR-SM at constant power theoretically extends
to unlimited speed.

4.3. - Experimental results

The effectiveness of the proposed drive system has been
verified by experimental tests obtained with a small-
scale prototype. Fig. 9 shows very well the capability of
the drive system to operate at constant power in a very
wide speed range. The motor starts from standstill and
reaches the base speed at constant torque. Then,
operating at constant power, reaches 8 times the base
speed. In the high-speed region i, decreases and tends to
a limit value as the speed increases.

nB_,nC

jecc [A] theta [degrees] power V] torque [Nm]

speed [pu]

Fig. 8 Diagram of the operating conditions of a machine with
r=3, in the normalized deq plane
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Fig. 9 Behaviour of the motor in the low, intermediate and
high speed range. (a) output torque (25 Nm/div); (b) output
power (1.5 kW/div); (c) excitation current (3 A/div), vs speed

5. - CONCLUSION

A new diesel-electric ship propulsion system has been
presented in this paper. This solution is based on the
combination of a dual two-level converter with a WR-
SM drive. It allows optimal sizing, high efficiency and
high reliability of the whole drive system. The proposed
structure is considered of great interest, in particular, for
reducing the fuel consumption of a fish boat operative
mission.

6. —- REFERENCES

[1] J. Nurmi, 1995: “The electric concept”, Conference
Proceedings of Electric Propulsion: The Effective
Solution, London, October 5-6, 1995.

Chippington, G.R., Molyneux, J., Mitcham, A.J.,
Cullen, J.J.A. 1995: “Electric propulsion in large
warships”, Conference Proceedings of Electric
Propulsion: The Effective Solution?, London, U.K.,
October 5-6, 1995

E. G. Shivakumar, K. Gopakumar, and V. T.
Ranganathan, “Space vector PWM control of dual

inverter fed open-end winding induction motor
drive”. EPE J., vol. 12, no. 1, pp. 9-18, Feb. 2002

G. Grandi, C. Rossi, A. Lega, D. Casadei: “Power
balancing of a multilevel converter with two
insulated supplies for three-phase six-wire loads”.
11™ European Conference on Power Electronics
and Applications, EPE 2005, Dresden (D),
September 11-14, 2005.

Friedrich, G. "Comparative Study of Three Control
Strategies for the Synchronous Salient Poles and
Wound Rotor Machine in Automotive Application
with On Board Energy" Proc. of Power Electronics
and Variable Speed Drives, London, UK, 26-28 Oct
1994 pp. 706-709C.

Rossi, D. Casadei, A. Gaetani, A. Pilati, L. Zarri
“Wound Rotor Salient Pole Synchronous Machine
Drive for the Traction System of Electric
Vehicles”. Proc. of EPE-PEMC, Riga - Latvia,
September 2-5 200




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


