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Behavior Analysis of the Ag-Matrix
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Abstract—To study the quench behavior of the Bi-2212 round
wire as a promising superconductor for future fusion reactor coils
and high-field magnets, a numerical adiabatic model has been de-
veloped at the Institute of Plasma Physics, Chinese Academy of
Sciences. The model is in 1-D and the partial differential equation
is solved with the implicit method. Quench energy is simulated
by introducing heat in a section of the wire, and the temperature
and voltage are calculated as the function of time and space. The
minimum quench energy and normal zone propagation velocity
were calculated at different conditions. The results from the model
were compared with analytical solution and experiment data. The
analysis and discussion are presented in this paper.

Index Terms—Bi-2212 round wires, implicit method, minimum
quench energy (MQE), normal zone propagation velocity (NZPV),
quench.

I. INTRODUCTION

FOR high-field magnet applications, new materials and tech-
niques must be developed to replace the conventional Nb-

based conductors. Bi2Sr2CaCu2Ox (Bi-2212) is a promising
candidate since it has high critical magnetic field and it is com-
mercially available in round wire. Therefore, Bi2212 is taken
into consideration to develop new conductors for future accel-
erator and fusion reactor applications. At the Institute of Plasma
Physics Chinese Academy of Sciences (ASIPP), two small sizes
Bi-2212 cable-in-conduit conductors (CICC) have been fabri-
cated and tested [12], and a subscale insert coil will be designed
to verify the high-field performance and homogeneity of the
wire. One of the significant issues in the design is the stability
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of the wire, which determines the quench protection strategy
of a magnet. As an HTS conductor, the Tc of Bi2212 is much
higher than low temperature superconductor (LTS) conductors,
which leads to its normal zone propagation velocity (NZPV)
being lower than LTS conductors and makes the quench detec-
tion more difficult. Due to these, it is necessary to investigate
the quench behavior of Bi-2212 wires.

A numerical model for the quench behavior analysis of
Bi2212 has been developed at Lawrence Berkeley National Lab-
oratory [1]. In this study, a criterion was used to govern the cur-
rent distribution, this method is simple and easy to process but is
somewhat different from the actual situation. To solve the partial
differential equation (PDE), an explicit method was used which
is unstable if the time step is not small enough. In this paper, an
improved model was developed. The major modification is the
current-sharing model; the power law was used to govern the
current sharing instead of the linear model. An implicit method
was used to solve the PDE to avoid the instability. The minimum
quench energy (MQE) and NZPV in various temperatures and
magnetic fields were calculated using this model. This model
can be used as a predictive model in future stability studies of
the Bi-2212 CICC and magnets.

II. MODEL DESCRIPTION

The quench behavior numerical model is based on the thermal
diffusion equation, which is a parabolic PDE

γC
∂T

∂t
= ∇ · (κ∇T ) + P (1)

where T (x, t) is the spatially and temporally dependent tem-
perature, and P is the volumetric heat flux, which includes heat
generation such as Joule heating, heat exchange such as convec-
tive heat transfer, radiation heat transfer.

For superconducting wire, thermal diffusion is mainly along
the axial direction, so 1-D form of this equation could describe
the quench behavior of superconducting wire, which is given by

C∗ (T )
∂T

∂t
=

∂

∂x

(
κ∗ (T,B)

∂T

∂x

)
+ I2

nρ1d (T,B) + Pi + Pc

(2)
where C∗(T) is the specific heat capacity in 1-D in J/mK, the
specific heat capacity data of Bi-2212 round wire is from [2],
which is as a function of temperature. κ∗(T,B) is the effective
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thermal conductivity in Wm/K. Given the thermal conductivity
of silver is several order of magnitude higher than the one of the
Bi2212, it can be safely assumed that the heat conduction takes
place only in the silver. Thermal conductivity of Ag is given by
a polynomial from [3], [4], and the magnetic field is taken into
account using

κ∗ (T,B) = κ∗ (T, 0) · ρ (T, 0)
ρ (T,B)

(3)

where ρ1d(T,B) is the “1-D” electrical resistivity in Ω/m, which
represents the electrical resistance per unit length, the tempera-
ture and magnetic field dependent electrical resistivity is taken
from NIST [4], the magnetoresistance data of Ag can be reduced
to a Kohler plot with the RRR of Ag.

The Pi is the initial power dissipation, which could cause
an initial current sharing from filaments to matrix. If the Pi

is high enough to cause a normal zone larger than minimum
propagation zone (MPZ), the quench would propagate, and the
Pi can be defined as

Pi (x, t) =

{
δ (x) Epulse

tpulse
, 0 < t ≤ tpulse

0, t > tpulse

(4)

the variable Epulse is used to produce the quench energy and
δ(x) is the Kronecker-delta function.

The cooling item Pc includes radiation and convective heat
transfer, but the heat transfer coefficient h and emissivity ε are
not known if there is no specific operating condition. Therefore,
the cooling item is neglected in this model, that is to say the
model is adiabatic.

In the previous work, the current in the normal area was
calculated with a criterion Tcs , this model is ideal and assumes
that it has a complete transient when the temperature exceeds
the Tcs , which can be simply described by

In = 0, T ≤ Tcs

In = Iop − Ic (B, T ) , T > Tcs (5)

but in fact, for practical superconducting materials, the critical
current inhomogeneity exists and it would cause nonlinear tran-
sient. The transient rate depends on a very important parameter,
which is the n-index. In this study, the current-sharing model
is replaced by a model which is closer to the actual situation.
In this model, the current in nonsuperconducting element In ,
which can be obtained from the parallel path current-sharing
model, which is represented in Fig. 1

In = Iop − Isc (6)

where Iop is the operating current, Isc is the superconducting
current, In is the current in the normal area, according to Ohm’s
law

In (i) =
Vn (i)
Rn (i)

=
En (i) dxi

ρ1d (i) dxi
=

En (i)
ρ1d (i)

(7)

and

En = Esc = Ec

(
Jsc

Jc

)n

. (8)

Fig. 1. Schematic representation of a superconductor with a normal conduct-
ing element in parallel with a superconducting element.

Then, (6) can be described numerically using the implicit
expression

Iop − Ec

ρ1d

(
Jsc

Jc

)n

− Isc = 0 (9)

where Ec is the criterion (in this study it is 1e−4 V/m), n
is the n-index of the superconducting wire. Then, the Isc can
be achieved using a numerical search algorithm such as the
Newton–Raphson method. In the equation, Ic(T,B) is the tem-
perature and magnetic field dependent critical current, which
can be described with a model that is used to study current in-
stabilities in Bi-based conductors [5], [6] and was introduced in
[7] is used to fit the critical surface of the Bi-2212 conductor.
The model is given by

Ic (T,B) = I0

(
1 − T

Tc

)γ [
(1 − χ)

B0

B0 + B

+χexp

(
− βB

(Bc0exp (−αT/Tc))

)]
. (10)

In the equation, following quantities are used: Tc = 87.1 K,
Bc0 = 465.5 T , α = 10.33, β = 6.76, γ = 1.73, χ = 0.33, and
B0 = 1.0 T , the parameters χ and I0 are obtain by fitting the
experimental data, and the remaining parameters are taken from
[7]. After Isc is determined, In can be calculated using (9), in
Fig. 2 Isc and In calculated with different models are plotted
against T for a given Iop . From Fig. 2, it can be seen that
compared with the linear schematic current-sharing model, this
model gives a smoother transition taking place at Tcs and Tc ,
which is more approximate to the actual situation.

III. SOLUTION METHOD AND BOUNDARY CONDITION

A numerical method was used to solve the parabolic PDE, the
numerical method includes explicit method and implicit method.
For the explicit method, a scheme is called “forward time, cen-
tered space” is used. Explicit method is easy for calculation but
it is proved unstable when the time step size is not small enough
[8], that means a huge amount of data will be produced if the
step size can satisfy stability requirement. Therefore, the im-
plicit method which is proved unconditionally stable was used
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Fig. 2. Isc and In with different current-sharing model are plotted against
T for a given Iop [In and Isc-analytical are calculated with (5) and In and
Isc-power law are calculated with (6)–(9)].

to solve [8]. Equation (11) is discretized as

C∗ (Tn
i )

Tn+1
i − Tn

i

Δt
=

1
Δx

(
κ∗

(
B, Tn

i+1/2

) Tn+1
i+1 − Tn+1

i

Δx

−κ∗
(
B, Tn

i−1/2

) Tn+1
i − Tn+1

i−1

Δx

)

+ I2
n (Tn

i ) ρ∗ (B, Tn
i ) + Pini. (11)

In the equation, Tn
i+1/2 = 1

2 (Tn
i + 1 + Tn

i ), and Tn
i−1/2 =

1
2 (Tn

i + Tn
i − 1), and the code for the numerical method was

written with Fortran.
For each node, In was calculated by the Newton–Raphson

method, and Pini is the initial power introduced into the node.
To solve (2), the initial and boundary conditions must be

given. The initial condition of this model is set to be 4.2, 5, 7,
and 9 K over the entire zone. For the boundary condition, as
mentioned in the model description, the model is assumed to be
adiabatic, the temperature at the ends of the wire is fixed to be
same with the initial temperature, ∂T/∂x is forced to vanish at
the boundaries.

IV. RESULT AND DISCUSSION

At present, the latest Bi-2212 round wire developed by
the Northwest Institute for Nonferrous Metal Research has a
critical performance J0 > 5500 A/mm2 . In the paper, J0 =
5000 A/mm2 was used in the calculations. The models with the
operating current Iop of 60%Ic and 80%Ic were calculated in
various operating temperature and magnetic field. Figs. 3 and 4
show the temperature distribution of the recovered situation and
the quenched situation, respectively.

A. Minimum Quench Energy

In order to simulate the MQE, an initial heat perturbation
was introduced into a region of length Lh = nnode ∗ dxi (dxi is

Fig. 3. Perturbation energy is lower the MQE, and the normal zone disappears
again.

Fig. 4. Perturbation energy exceeds the MQE, and the quench propagation
occurs.

the length between two adjacent nodes) during the heating time
th = Δt ∗ nstep (in this paper, th is chosen to be 50 ms). Then,
the perturbation heating energy can be calculated by Epulse =
Pi ∗ nnode ∗ th .

To find the MQE, a search algorithm can be used that runs
the model multiple times. It requires an upper estimate and
a lower estimate for the quench energy. First, the upper and
lower estimates are tested to ensure that a quench occurs in
the upper estimate and does not occur for the lower estimate.
If the estimation proves to be incorrect, the upper and lower
boundaries are adjusted automatically. After the upper and lower
estimates have been confirmed, the energy exactly in between
the upper and lower estimates is tried. If a quench occurs, the
upper estimate is shifted toward the tested energy. If no quench
occurs, the lower estimate is shifted. This process is repeated
until the difference between the upper and lower estimates is
less than a preset tolerance (for the calculation in this report, a
tolerance of 0.1% is used). The minimal quench energy is then
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Fig. 5. MQEs calculated with numerical method are plotted against tempera-
ture at different magnetic fields and operating currents.

Fig. 6. MQEs calculated with numerical method are plotted against the mag-
netic field at 4.2 K.

equal to the upper estimate. The MQE of the wire in different
temperatures and magnetic field are shown in Figs. 5 and 6.

From the figures, it can be seen that the MQE of the Bi-2212
round wire decreases with the increasing operating temperature
and magnetic field. The results obtained by the numerical model
are also compared with data measured by Ye et al. [9] and the
MPZ model [10], [11]

MQE =

√
2A2 (Tcs (I) − Top)

ρnI2

∫ Tcs

Top

C (T ) dT . (12)

The comparison is shown in Fig. 7, the numerical results (blue
dots and red squares indicated as 80% Ic at 4.2 K and 60% Ic at
4.2 K) is an order of magnitude lower than the experimental re-
sults from [9], but is a considerate improvement compared to the
MPZ model (yellow triangles). The deviation between numeri-
cal results and the experimental results can be foreseen because
there are some differences between the model and experimental

Fig. 7. Comparison of the MQE obtained by different methods.

condition. First, the MQE obtained by the experiments was by
integrating the energy pulse, in the experiment, heaters made
from silicon-insulated Nichrome wires are wound around the
samples to induce quenches, and the heater was covered by Sty-
cast 2850 epoxy [9], the entire sample was in the liquid helium
bath. Thus, in the experiment, part of the energy generated by the
heater was absorbed by liquid helium and epoxy, and the thermal
resistance exists between the heater and the sample wire, which
could cause heat dissipation, but different from the experimental
condition, in the model, perturbation energy is fully absorbed
by the nodes. Second, the boundary condition of the model is
adiabatic, but in the experimental condition, heat transfer exists,
both perturbation energy and Joule heat could dissipate into the
liquid helium. These two factors caused the differences between
the numerical and experimental results. The values calculated
with classical MPZ model are much lower than numerical re-
sults because this model is relatively simple and qualitative, the
parameters in the equation do not change with temperature.

B. Normal Zone Propagation Velocity

For calculating the NZPV, the voltage of the model should
be calculated and a criterion should be determined (1e−4 V/m).
The voltage of an area on the wire could be calculated by

U =
m∑

i = n

In (i) ∗ ρ∗ (i) ∗ dxi (13)

where In (i), ρ∗(i), and dxi are the normal zone current, the
effective resistivity, and the length of node i. The calculated
voltages of different areas on the wire are shown in Fig. 8.

The length of the normal zone ln is then calculated at each
time step using the two intersections between a horizontal line
at the criterion and the calculated voltage. The normal zone
velocity then becomes

Vnzp =
dln
dt

. (14)

The calculated Vnzp at 4.2 K at various magnetic fields are
also compared with the experimental data [9] and analytical
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Fig. 8. Calculated voltages of different areas on the wire for 80% Ic

and 12 T.

Fig. 9. Comparison of the NZPV obtained by different methods.

solution [11]

NZPV = J

√
ρnκn

CnCs (Tcs − Top)
(15)

the results are shown in Fig. 9.
The Vnzp decrease with the increasing magnetic field is due

to the thermal conductivity of Ag decreasing as the magnetic
field rises. Numerical result shows that the Vnzp of the 80% Ic

at 0 T, 4.2 K is similar with the measured result. The difference
between the two results could also be caused by the different
boundary condition.

On the other hand, experiments are also necessary to validate
the model. Now, an experimental device has been developed at
ASIPP, this device is designed to study the MQE and Vnzp of
superconducting samples at various magnetic fields and temper-
atures with quasi-adiabatic condition.

The device is designed as an insert that can be inserted into the
background field magnet (with 65 mm bore) (see Fig. 10). The
sample holder is filled with liquid helium which cools the current
leads to 4.2 K. The sample holder is enclosed in a stainless steel

Fig. 10. Insert design schematic.

Fig. 11. Close-up schematic of the sample holder.

(316 L) cap which allows a vacuum to be applied around the
sample (tube trough main flange for pumping is not shown).
Because of this convective and conductive heat transfer of the
sample with the helium is not present. Indium wire is used to
make a leak free connection between the cap and the main flange
(SS 316 L) [13].

A close-up of the sample holder is shown in Fig. 11. Nylon
spacer wires reduce the thermal conductivity between the sam-
ple and the heater. This is needed to prevent any heat generated
in a normal zone from transferring outside of the sample in
the timescale of the quench propagation, so the quasi-adiabatic
environment is made. The sample wire or tape can be wound
outside the nylon spacer that ensures sample length is enough
for propagation velocity measurement.

The device has been assembled and now is in the testing.
We will study the quench behavior of Bi-2212 round wire at
different conditions with this device and validate the numerical
model.

V. CONCLUSION

A 1-D numerical model for simulating the quench behavior
of Bi-2212 round wire was introduced in this paper. The implicit
method was used to solve the PDE, and the power law model was
used to describe the current sharing. MQE and NZPV at different
conditions were calculated with this model. Calculated MQE is
about one order of magnitude lower than the experimental result
because the different boundary condition between the model and
experiments and the different route to obtain the MQE. NZPV
shows good agreement with the experiment result.
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On the other hand, this model still has room for improve-
ment. One is the difference between Ag and Ag/Mg alloy was
neglected due to lack of the data of Ag/Mg alloy. The heater
model will be upgraded by adding the thermal resistance be-
tween the heater and the wire and the heat transfer with liquid
helium. A measurement device for studying the quench behav-
ior at various temperature and magnetic field is in developing
at ASIPP, the experiment results would provide the parameters
of the cooling items to optimize the boundary condition of the
numerical model.

REFERENCES

[1] D. Arbelaez et al., “Numerical investigation of the quench behavior of
Bi2212 wire,” IEEE Trans. Appl. Supercond., vol. 21, no. 3, pp. 2787–
2790, Jun. 2011.

[2] C. S. Myers et al., “Specific heats of composite Bi2212, Nb3 Sn, and MgB2
wire conductors,” IEEE Trans. Appl. Supercond., vol. 23, no. 3, Jun. 2013,
Art. no. 8800204.

[3] Y. Iwasa et al., “Magnetoresistivity of silver over temperature range 4.2–
159 K,” Cryogenics, vol. 33, no. 8, pp. 836–837, Aug. 1, 1993.

[4] D. R. Smith and F. R. Fickett, “Low-temperature properties of silver,” J.
Res. Nat. Inst. Stand. Technol., vol. 100, pp. 119–171, 1995.

[5] V. R. Romanovskii and K. Watanabe, “Multi-stable static states of Bi-
based superconducting composites and current instabilities at various op-
erating temperatures,” Phys. C, vol. 420, pp. 99–110, 2005.

[6] V. R. Romanovskii, “Current instability mechanisms in high-temperature
superconductors cooled by liquid coolant,” Supercond. Sci. Technol.,
vol. 23, no. 2, 2010, Art. no. 025020.

[7] L. Bottura, “Critical surface for BSCCO-2212 superconductor,” Note-
CRYO/02/027, 2002.

[8] G. Evans, J. Blackledge, and P. Yardley, Numerical Methods for Partial
Differential Equations. London, U.K.: Springer, 2012.

[9] L. Ye et al., “On the causes of degradation in Bi2212 round wires and
coils by quenching at 4.2 K,” IEEE Trans. Appl. Supercond., vol. 23,
no. 5, Oct. 2013, Art. no. 6400811.

[10] M. N. Wilson, Superconducting Magnets. Oxford, U.K.: Clarendon Press,
1983.

[11] Y. Iwasa, Case Studies in Superconducting Magnets: Design and Opera-
tional Issues. New York, NY, USA: Springer Science & Business Media,
2009.

[12] J. G. Qin et al., “Manufacture and test of Bi-2212 cable-in-conduit con-
ductor,” IEEE Trans. Appl. Supercond., vol. 27, no. 4, Jun. 2017, Art. no.
4801205.

[13] J. J. Kosse, “Normal zone propagation set-up,” Internal Report, 2013.

Authors’ biographies not available at the time of publication.



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /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-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /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
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


