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Abstract

Present-day pulsed-power systems operating in the
terawatt regime typically use current adders to operate at
sufficiently low impedance. These adders necessarily
involve magnetic nulls that connect the positive and
negative electrodes. The resultant loss of magnetic
insulation results in electron losses in the vicinity of the
nulls that can severely limit the efficiency of the delivery
of the system’s energy to a load. In this paper, we
describe an alternate transformer-based approach to
obtaining low impedance. The transformer consists of
coils whose windings are in parallel rather than in series,
and does not suffer from the presence of magnetic nulls.

I. INTRODUCTION

Z-pinch radiation source drivers such as Z and ZR must
supply very high currents at moderate (by pulsed power
standards) voltage. This in turn requires very low
inductance feeds. Presently this is accomplished by
adding several higher impedance drivers in parallel using
a post-hole convolute current adder. Unfortunately,
current addition results in localized magnetic nulls that
extend from the cathode to the anode [1]. Since the
cathode surfaces emit electrons at the space-charge limit,
the nulls result in electron losses. These losses are in
addition to those due to magnetically insulated flow over
most of the transmission lines, and, more importantly,
these losses occur over small areas of the anode resulting
in electrode damage and conducting gases that cause
major current losses and further damage.

It is possible to replace the current adder (convolute)
with a transformer that allows driver power to be
combined in series with voltage adders, and then
converted to lower voltage and higher current in the
transformer. In contrast to common transformers, this
transformer consists of coils whose windings are in
parallel rather than series. These coils are similar to coils
found in a number of other pulsed power devices, such as
some ion diodes and triggered plasma opening switches.

There are several potential benefits to using an auto-
transformer approach. Such a system would have no
magnetic nulls to cause localized current losses.

Moreover, the current multiplication ratio can easily be
varied, resulting in a more versatile driver. There are also
potential benefits in the way pulsed radiation source
(PRS) wire loads would be installed that should increase
the shot rate. The critical issues that must be addressed are
achieving sufficient coupling between the primary and
secondary circuits, and building a primary coil with
adequate mechanical strength. This paper will describe
the design of such a system, and will present preliminary
results analyzing the performance of such a system in
comparison to the standard post-hole convolute approach.

II. TRANSFORMER MODELING

Fig. 1 shows a radial plane cutaway view of a simple
transformer. One-half of a primary coil and one-quarter of
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Figure 2. Composite -8 view of transformer coils.



a secondary coil are shown in a composite drawing in Fig.
2. To give some idea of the angle subtended by the vanes,
single primary and secondary vanes are shown in red and
green, respectively. The lower-left quadrant of Fig. 2 also
shows the radial vanes, of which one is shown in blue. In
the simple transformer the two coils could be pitched in
the same direction, or opposite directions as shown. The
center conductor between the two coils consists of radial
vanes (shown in blue in Fig. 1). Radial vanes allow the r,z
components of the magnetic field to penetrate. The
primary and secondary circuits could be attached as
shown, or could be separated with separate radial vane
sections, or could consist entirely of pitched conducting
sections.

A somewhat more complicated system (see Fig. 3)
would use an auto-transformer, in which a portion of the
primary and secondary circuits are shared. By using an
auto-transformer design, the wrap angle of the primary
coils can be reduced (for the same current multiplication)
which makes the coils more robust. Moreover, the
primary and secondary coils are closer together which

increases the coupling efficiency, 7 =M /L,L,, where

L, and L, are the self inductances of the primary and
secondary coil, respectively, and M is the mutual
inductance between them. Since azimuthal current due to
the driver should run in the same azimuthal direction in
the primary and secondary coils, whereas the radial
current runs in opposite directions, the wrap of these two
coils must be in the opposite direction.

radial vanes ——

Output :

:

Fig. 4 shows a double-sided auto-transformer. This
design reduces the wrap angle of any individual coil, and
increases the coupling efficiency. To insure that the
azimuthal current in all four coils flows in the same
direction, the sign of the wrap angles should alternate for
each of the stacked coils.
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Figure 3. Auto-transformer in cylindrical coordinates.

A. Calculation of Self and Mutual Inductance

It is easy to show that for a given coil configuration,
and any geometrically similar configuration, the coil’s
inductance L can be expressed in terms of a normalized
inductance £, i.e., L= LoA#”, where A0 is the total angle
subtended by the vanes of the coil and ¢ is a scaling
parameter for similar coils, i.e., coils that change in size,
but not in shape. A coil’s configuration includes its
location, pitch figure, and any surrounding flux-excluding
structure, which all need to be scaled in proportion to .
We have chosen to define J as the difference between the
inner and outer radii of the spiral sections of the coils.
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Figure 4. Double-sided auto-transformer in cylindrical
coordinates.
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The figure of the coil, i.e., the variation of the current
pitch along the radial extent, can vary with radius and is

defined to be f{p), where p = /6 and J: f(p)dp=1.The

coil’s pitch is defined as P(r)=r(06/0r)=A0p f(p).
Note that two coils are geometrically similar only if their
figures are the same. We have chosen to limit ourselves to
f(p)=1 for now. This figure spreads the magnetic
pressures on the coils uniformly while storing much of the
magnetic energy near the load.

Applying a similar process for two coils, p and s, in
close proximity, and with the same o, their mutual
inductance M can be expressed in terms of a normalized
mutual inductance M, ie., M =MoAO,AG, . The

coupling efficiency between the coils is then 1 = M?*/ L
and depends only upon the shape of the entire device, but
not the scale size. The static magnetic code Atheta [2] was
used to obtain values for £ and M. The geometry of the
calculation is shown in Fig. 5.

Figure 5. Geometry for Atheta inductance calculations.
Note that R and H are not shown to scale.

The Atheta calculations were done in a large bounding
box (large R and H) so that the values calculated can be
considered to be for free-space coils. In the actual
calculations only one half of the figure shown in Fig.5
needed to be done. Using B, =0 as a boundary condition

on the center plane, the net normalized circuit inductance
2(L-M) is measured. Using B, =0 yields the net
normalized inductance for an open output, 2(M+L). From
these the values of £ and M can be calculated. Fig. 6



shows the coupling efficiency 7 for several values of b/a
(see Fig. 5) as a function of the normalized gap g/o.
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Figure 6. Transformer efficiency as a function of g for
several ratios of outer to inner radius.

In a realizable system, the coils will connect to short
sections of radial conductors, which will in turn connect
to solid conductors which are needed to provide their
support. The latter will exclude flux, and will reduce both
inductance and mutual inductance. This is shown in Fig.
7, where the normalized self and mutual inductances are
shown as a function of the spacing between the coils and
the flux-excluding structure for b/a = 2 and g/é = 0.075.
Also shown is the corresponding coupling efficiency.
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Figure 7. L, M, and 7 as a function of coil standoff S.

These data were encouraging, as the coupling efficiency
and the inductances appeared to be reasonable for the
devices we had in mind. While studying these data the
idea of a double-sided auto-transformer occurred to us.
The double-sided design (Fig. 4) has several advantages
over the single-sided design of Fig. 3. Since the coil wrap
angles need to be about half that of a single-sided design
for the same inductance, the coils are stronger, or
alternately, the inductance can be increased without
increasing the wrap angle. Moreover, the coupling
efficiencies are higher.

Atheta was use to compute L and M for a double-sided
transformer, using the geometry shown in Fig. 8. Note
that here we define Af, and A6, to be the wrap angle for
single primary and secondary coils, respectively. Fig. 9
shows the coupling efficiency versus the normalized
primary gap, g,/d, between a primary and secondary coils.

The values of b/a = 2.0 and S/0 = 0.25 are the values we
tentatively have chosen for study. We believe g,/6 = 0.075
is reasonable. Three ratios of primary to secondary gap
are shown, but the efficiency is insensitive to the ratio.
The efficiency for the corresponding single-sided
transformer is also shown. The improvement of the
double-sided design over the single-sided design is
appreciable, since the difference between the efficiency
alnd one should be kept low.
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Figure 8. Geometry for Atheta inductance calculations of
double-sided transformer.
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Figure 9. Double-sided transformer efficiency as a
function of g, for various ratios of primary to secondary
gap. Single-sided efficiency is shown for comparison.
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Figure 10. £,, £, and’M as a function of primary gap g,,.



Fig. 10 shows the normalized primary, secondary, and
mutual inductances for g,/g, = 1.5. As the gaps go to zero,
these should all approach four times that of a single coil
(shown at the bottom), as they do. This is because the
wrap has effectively been doubled.

B. Circuit Model for the Auto-Transformer System
with a PRS Load
The simplest model for an auto-transformer-driven
inductive load is shown in Fig. 11. With this circuit it is
convenient to look at the inductance as seen by the source
driver. We will call this inductance L., given by

Ly =Lo+L(1=n)+ (M +L,)* L(s)/ L,[ L, + L(s)]
where s is a distance parameter such as the radius in the
case of a cylindrical pinch. The circuit equations are then
d(L;1)/dt=2V,(t)—Z,I, where Vy(f) and Z, describe
the driver, and F = (I*/2)dL,, /ds, where F is the force

on the load mass.

L(s)

Figure 11. Circuit for auto-transformer system.

It is easily shown that it is desirable to make the change
in L.y as high as possible compared to the final value. For
this reason, # should be close to one. It can also be shown
that it is desirable to get the energy out of the driver and
into magnetic energy before L.y can expand appreciably.
This is one of the advantages of a PRS load, since
dL,, /ds begins with a low value, and rises sharply at the

end of the implosion.

However, there is the additional feature that the driver
sees very low initial impedance, and very high late
impedance. This reduces the efficiency somewhat due to
reflected energy. With the auto-transformer system it may
be possible to mitigate this effect somewhat because the
current multiplication decreases and the voltage
multiplication (always less than one) increases as the load
inductance rises. The current multiplication at zero load
inductance is given by

(M +L,)/ L, =:[nA6, /A6, +1= 3R, +1
The current multiplication in general is then
(M + L)Ly + L()] = 1R, .y + DL, 1L, + L(s)].

1) PRS Load Model

For the PRS load we assume a cylindrical mass, m, of
given height, 4, and initial radius 7(0). The return current
is at radius r,. In addition we assume a light internal
monatomic gas load of negligible mass. This gas load is

heated by a very small (~3 mQ) series resistance, Z;, and
by the adiabatic compression as the mass shell implodes.
For a given load, the series resistance is adjusted using a
circuit model of the Z machine convolute driver, so that
the maximum internal energy in the gas load, and also the
minimum radius, occur at the time of the X-ray peak for
the appropriate Z experimental shot. This same load is
then used in an auto-transformer model. The circuit for
this model is same as the circuit shown in Fig 11, except
for the addition of Z; in series with the load inductance
L(s). Because of this addition, L.; is no longer strictly
valid, since the circuit equation now requires two coupled
equations. However, because Z; is so small, general
characteristics derived from L,z are reasonably accurate.

2) PRS model for the convolute (current adder) driver

L(s)

Figure 12. Circuit for convolute driver system.

This model (see Fig. 12) is the same as Struve’s model
[3] used to analyze Z PRS data, except for two changes.
One is the use of the PRS model discussed above; the
other is in the modeling of the current loss at the
oos =V IS = 17)"
model, where Z,,,, was set below the electron loss value to
compensate for closure at the nulls due to material from
the anode. We used a time dependent Z,,. It began at the
electron-loss-only value calculated by Pointon [4] for the
Z convolute (0.4 Q). When the energy deposition in the
anode at the convolute reached an assigned threshold, we
let the value of Z,,,, decay exponentially with an assigned
time constant. The threshold (25 kJ) and the time constant
(50 ns) were set using the ICES data studied by Lemke
[5]. These data had more accurate downstream current
data than have been available in the more severe
conditions near a Z pinch.

convolute. Struve used a constant Z

3) Parameters of an auto-transformer system powered by
a Z-like driver

Assuming a 4 level system added in series rather than in
parallel, we use Vo= 4x3.0=12 MV, and Z;~4°x0.12=
1.92Q. Because of the characteristics of magnetically
insulated flow, and also because desorbed gas and plasma
closure rates tend to be independent of voltage, the
impedance of the MITL can be much lower than four
times that of the Z MITLs. However, the inductance near
the insulator stack will be something like four times that
of one of the Z levels. Our best estimate for L, is 50 nH.



Using the Atheta data, reasonable transformer
parameters were chosen to be (see Fig. 8): =20 cm, 5=40
cm, g,=1.5 cm, g=1.0 cm, Ag,=2.4 radians (x2), AG=0.7
radians (x2). From this, and including inductance from By,
L, =331nH, L, =28 nH, M = 84 nH, # = 0.76. This adds
the constant amount (L-M*/L,) = L,(1-7) = 79 nH to L.

4) Auto-transformer/convolute comparisons for a Z-like

driver

We have written solvers for the two models using the
commercial IDL software, complemented by the PFIDL
data analysis tools [6]. Both models use the same driver
and load as outlined above. This comparison is
preliminary at the moment. The caveats include

e The transformer model has not been optimized,

e The load parameters have not been re-optimized for

the transformer,
e There are no electron losses in the transformer
model at present.

The first two items presumably cause the transformer
modeling to under-perform, but the third definitely
neglects losses that will occur. Although one or more Z,
components are likely to be suitable, we do not yet have a
way of setting the values. This has just begun to be
studied using electromagnetic particle-in-cell modeling,
as discussed in Section C. Fig. 13 shows the currents at
the load and the internal energy of the load plotted versus
time for both systems.
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Figure 13. Comparison of load current and internal
energy between transformer and convolute systems.

C. Electromagnetic Modeling

The transformer coils are three-dimensional objects as
they are only invariant to rotations of multiples of 2z/N
where N is the number of vanes in the coil. However, if N
is very high (we expect to use 40 and 100 vane coils)
these coils can be modeled as two-dimensional objects, as
if N were infinite. There is an added component to L, and
L, due to the finite number of vanes which can easily be
calculated. It appears that this contribution to L, (~1 nH)
should be included, but the contribution to L; can be
neglected.

Although there is a coordinate system for which the
individual coil vanes conform to coordinate lines, we do
not have a code using coordinate systems other than

Cartesian, cylindrical, or spherical coordinates. However,
the 2D/3D electromagnetic, particle-in-cell simulation
code Quicksilver [2] can model coils with an infinite
number of vanes by using a tensor conductivity model in
the plane of the coils.

Using Quicksilver (in fields-only mode) the inductances
and mutual inductances agree with Atheta calculations
within about 1% when the latter are corrected to include
inductance due to azimuthal magnetic fields. The
calculations included the coils, radial feed portions, solid
conductors, and both used the same size bounding boxes.
Figs. 14 and 15 show contours of stream function in the
rz plane for short-circuit and open-circuit cases,

respectively.
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Figure 14. Stream function from Quicksilver simulation
of a double-sided transformer with a short-circuit load
located at r = 10 cm.
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Figure 15. Stream function from Quicksilver simulation
of a double-sided transformer with a open-circuit load.

Adding electron flow adds some modeling issues,
namely space-charge-limited emission from coils and



electron capture by coils. Although we can run these
calculations assuming these phenomena occur at solid
surfaces, they presumably overstate the losses. We believe
we can use some specialized simulations to study these
effects, but have not yet begun such studies.

Initial simulations using the assumption of solid-surface
emission and collection do show appreciable losses. This
is to be expected when one considers the fact that field
lines go directly across between the conductors at the coil
input (see Figs. 14 and 15). Magnetically insulated
electrons from the primary coil feeds cannot cross so
much magnetic flux, and as electron charge builds up they
can drift to the anode.

Although the currents are appreciable in these
circumstances, these electron losses are spread uniformly
in azimuth and over a sufficient radial extent that
desorbed gas loads may be small. Moreover we are
confident that these electron losses can be reduced
appreciably with improved design.

III.  Transformer Survivability

There are two possible damage mechanisms that need
to be considered. The first is due to the magnetic pressure
pushing transformer coils apart between the start of the
power pulse and the time of maximum implosion (Fig.
14). Because the coils are five to six orders of magnitude
heavier than the load and the pressures are lower than
those on the load, the coils will not move much during
this time period. The impulse on the coils can easily be
calculated, and this can be used to get the net energy
deposition. The answer amounts to only a few Joules,
which is not significant.

The other possible problem would occur late in time,
when current could remain in the MITLs due to insulator
flash. The vertical magnetic fields (see Fig. 15) will try to
squeeze the vanes together midway between their inner
and outer radii. This has been seen in experiments with
fast field coils made with very thin vanes. We have not
yet made any calculation of this effect.

We do intend to make the coils robust. Moreover we
believe we may be able to avoid insulator flash. In Z
experiments, the collapse of the impedance across the
convolute traps a large amount of magnetic flux in a
rather small inductance. Because of this the system
attempts to make an appreciable voltage reversal on the
insulator. In the auto-transformer case, the inductance
inside the insulator should go to L, +L, +L, +2M (577

nH for system modeled here), driving a much lower
power pulse back into the driver’s water section.

IV.SUMMARY

Our initial exploration of wusing parallel-winding
transformers for high-current pulsed-power applications

has been encouraging. We have demonstrated that
transformers can have acceptable coupling efficiencies in
realistic configurations. This is particularly true for
double-sided auto-transformer systems. Initial
investigation of the mechanical loads on the transformer
coils in environments comparable to Sandia’s Z-machine,
although still preliminary, show no significant issues.

Much remains to be done to demonstrate the utility of
this technology. Toward that end, we are continuing to
study the issues associated with these devices. Probably
the most important issue is the electron flow in the
vicinity of the transformer coils, so we will continue our
analysis and modeling in that area. We also need to
improve our analysis of mechanical issues, particularly
those occurring later in time with the possibility of
insulator flash.

We are presently in the planning stages for a series of
experiments, to be conducted on a relatively small pulsed-
power driver, where we will refine our design and analyze
its performance. If these experiments are successful, we
hope to move them to an environment more like that of
the Z-machine.

V. REFERENCES

[1] C. W. Mendel, Jr., T. D. Pointon, M. E. Savage, D. B.
Seidel, 1. Magne, and R. Vézinet, “Losses at magnetic
nulls in pulsed-power transmission line systems,” Physics
of Plasmas, vol. 13, 043105, 2006.

[2] J. P. Quintenz, D. B. Seidel, M. L. Kiefer, T. D.
Pointon, R. S. Coats, S. E. Rosenthal, T. A.. Mehlhorn,
M. P. Desjarlais, and N. A. Krall, “Simulation Codes for
Light-Ion Diode Modeling,” Laser Part. Beams, vol. 12,
pp- 283-324, 1994.

[3] K. Struve, private communication.

[4] T. Pointon, private communication.

[5] R. W. Lemke, M. D. Knudson, J-P. Davis, D. E. Bliss,
and H. C. Harjes, “Self Consistent, 2D Magneto-
Hydrodynamic Simulations of Magnetically Driven Flyer
Plate Experiments on the Z-Machine,” in Shock
Compression of Condensed Matter — 2003, M. D. Furnish,
Y. M. Gupta, and J. W. Forbes, Ed., American Inst. Phys.
0-7354-0180-0/04, Melville, NY, pp. 1175-1180.

[6] L. P. Mix, R. S. Coats, and D. B. Seidel, “PFIDL.:
Procedures for the Analysis and Visualization of Data
Arrays,” Tri-Laboratory Engineering Conference on
Computational Modeling, Pleasanton, CA, Oct. 31-Nov.
2, 1995.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /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
    /LucidaSansUnicode
    /Magneto-Bold
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PoorRichard-Regular
    /Raavi
    /Ravie
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


