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Combined Circuit Model to Simulate Post-Quench
Behaviors of No-Insulation HTS Coil
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Kabindra R. Bhattarai, Kwangmin Kim, Kwanglok Kim , Chaemin Im, Ki Jin Han , and Seungyong Hahn

Abstract—This paper presents a “combined” circuit model to
simulate non-linear behaviors of a no-insulation (NI) high temper-
ature superconductor (HTS) coil. The key idea is a selective use
of either the lumped circuit model or distributed depending on an
operating condition. When the NI coil current is below its criti-
cal current, the radial leak currents through turn-to-turn contacts
may be assumed to be uniformly distributed over the entire coil,
thus, the lumped circuit model may suffice to analyze the NI behav-
iors. When the coil current increases beyond the critical current,
the distributed model plays the role to simulate the spatial distri-
bution of currents, both radial and azimuthal. By limiting the use
of the time-consuming distributed model only for the post-quench
part, the combined model enables substantial reduction in calcu-
lation time without sacrificing simulation accuracy. To verify the
validity of the combined model, an over-current charging test of
an NI HTS coil was simulated with the lumped, distributed, and
combined models. The simulation results of the combined model
are barely discernible from those of the distributed model, and
agreed well with the measured ones as well. The results validate
the combined model for more efficient simulation of an NI HTS coil.

Index Terms—Combined model, distributed network model,
equal power constraint, lumped circuit model, no-insulation.

I. INTRODUCTION

NOTABLE progress has been made in the no-insulation (NI)
high temperature superconductor (HTS) winding tech-

nique, since its first publication in 2011 [1]. To date, multiple
NI HTS magnets have been designed and constructed, and most
of them reached their target fields without experiencing electric
burn-out upon a quench [1]–[13]. Recently mechanical damages
of some high field NI HTS magnets were reported mainly due
to large “over-currents” induced in electromagnetically coupled
subcoils during a quench and consequent excessive magnetic
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stress [14]. Obviously, a good simulation approach to precisely
analyze the non-linear behaviors of an NI HTS magnet is crucial
to design and operate the magnet.

To date two kinds of numerical approaches have been re-
ported to simulate the NI behaviors of a single coil [15]–[21]
or even a multi-coil magnet [22]–[25]. The first approach is
called lumped circuit model, initially reported in [1], where an
NI coil is modeled with an inductor and a resister connected in
parallel. Wang et al. [26], improved the initial lumped model
with the index resistance incorporated to simulate transient be-
haviors of an NI coil more accurately. Bhattarai et al., reported
the first “magnet-level” lumped circuit analysis of an actual 7
T 78 mm NI all-REBCO magnet [22]. The second approach
is called distributed network model, firstly reported in 2014 by
Yanagisawa et al. [17], where an NI REBCO coil was subdivided
into multiple segments and each segment was modeled with an
individual lumped circuit model. Wang and Noguchi et al., re-
ported a similar model based on the partial element equivalent
circuit (PEEC) technique [19]. Wang et al., combined a thermal
analysis based on the finite element method with the distributed
network magnetic field analysis of an NI coil [18]. Magnet-level
distributed network models were also reported by Markiewicz
et al. [24] and Song et al. [25], separately, though application
of the distributed model to actual NI HTS magnets has not been
reported yet.

Both lumped and distributed models have pros and cons. The
lumped model enables fast simulation but in limited accuracy
particularly for the post-quench analysis, where the local
distribution of quench currents in an NI coil is important. The
distributed model enables simulation of the spatial distribution
of currents upon a quench but it often takes days to simulate
a single coil or even weeks a multi-coil magnet. This paper
presents a “combined” approach, where either the lumped
model or the distributed model is selectively used depending
on an operating condition to take advantage of both models.
First, details on the combined approach will be presented and
followed by a case study to simulate an actual NI REBCO test
coil [1]. Last, simulation accuracy of the combined model will
be discussed at the end.

II. CONVENTIONAL APPROACH: LUMPED CIRCUIT MODEL AND

DISTRIBUTED NETWORK CIRCUIT MODEL

A. Conventional Approach #1: Lumped Circuit Model

Figure 1(a) shows a typical configuration of the lumped circuit
model that consists of: (1) an inductor Lcoil that represents
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Fig. 1. (a) lumped circuit model, where Lcoil , Rc , and Rin d are, respec-
tively, coil inductance, characteristic resistance representing the radial current
path through turn-to-turn contacts, and the index resistance; (b) distributed net-
work model, where an NI coil is subdivided into multiple segments. Electrical
components for each segment in the distributed model are similar to those in the
lumped model: Li

coil for inductance of the ith coil segment, Ri
c characteristic

resistance, and Ri
in d index resistance.

inductance of the coil; (2) a parallel resistor Rc , often called
“characteristic resistance”, that represents the radial current path
through turn-to-turn contacts; and (3) a series resistor Rind ,
the index resistance. Rc of an N -turn NI pancake coil may be
estimated by equation (1):

Rc =
N∑

i=1

Rct

2πriwd
, (1)

where Rct, ri , and wd are, respectively, average turn-to-turn
contact resistivity (unit: Ω·m2), radius of the ith turn, and HTS
tape width[26]. Rind may be expressed by equation (2)[27]:

Rind =
Ecl

Iθ

(
Iθ

Ic

)n

, (2)

where Ec, Ic and l are, respectively, critical electric field of
1 μV/cm, critical current, and tape length of the coil. Ip , Iθ , and
Ir are defined in Fig. 1 as power supply current, azimuthal cur-
rent that generates axial magnetic field, and radial leak current
through the turn-to-turn contacts, respectively. In the lumped
circuit simulation, precise modeling of Rc and Rind as a func-
tion of temperature, operating current, and magnetic field is
crucial to improve the simulation accuracy. Lu et al., reported
an in-depth study on correlation between Rc and turn-to-turn
contact resistance [28]. Kim et al., reported an experimental
study on effects of winding tension on Rc and Rct [29]. Re-
cently, Noguchi et al., reported a significant impact of the Hall
effect on the terminal voltage of an NI coil due to the turn-to-
turn radial current (Ir in Fig. 1) under a large external magnetic
field [30].

B. Conventional Approach #2: Distributed Network Model

The distributed model in Fig. 1(b) discretizes an NI coil into
multiple subcoil segments based on the partial element equiv-
alent circuit (PEEC) technique [19]. Electrical components for
each segment are similar to those in the lumped model: (a) Li

coil

for inductance of the ith coil; (b) Ri
c characteristic resistance; and

Fig. 2. Conceptual drawing for the combined circuit model. When the operat-
ing current Iθ in Fig. 1(a) is smaller than the coil’s critical current Ic , the lumped
circuit model is selected, while Iθ ≥ Ic , the distributed network model. In this
figure, the “intermediate” moment is set to be at Iθ = Ic , though any moments
at Iθ < Ic may be selected as the intermediate moment conservatively.

(c) Ri
ind index resistance. Using the distributed model, Yanag-

isawa et al., proposed the single-turn-to-multi-turn transition
concept for the first time to explain the well-known “current
sharing” feature of an NI coil [17]. Since then, multiple groups
explored the distributed network approach [17]–[21]. However,
the distributed network simulation of an “actual” NI HTS mag-
net and their comparison with experiment has not been reported
yet. The excessive calculation time may be a primary reason
for the limited efforts on the distributed model simulation in a
magnet level [24], [25].

III. COMBINED MODEL: A COMBINATION OF LUMPED CIRCUIT

AND DISTRIBUTED NETWORK MODELS

A. Key Idea: Selective Use of Either Lumped or Distributed

Imagine an NI coil being charged beyond its critical current.
When the operating current of the coil (Iθ in Fig. 1(a)) is small
and below the critical current Ic , the radial leak current (Ir in
Fig. 1(a)) may be assumed to be uniform in the coil, because
electromagnetic diffusion of the coil current in the azimuthal
direction is substantially faster than that in the radial direction
due to the turn-to-turn contact resistance [24]. Thus, the lumped
circuit model may suffice to analyze the NI behaviors. When the
coil current increases beyond the critical current, the distributed
model takes over the role to simulate the spatially distributed
currents, both radial and azimuthal. The key concept of the
combined model is illustrated in Fig. 2, i.e., the lumped circuit
model is selected when Iθ < Ic , while the distributed network
model is selected when Iθ ≥ Ic . In Fig. 2, the “intermediate”
moment is set to be at Iθ = Ic , though any moments at Iθ < Ic

may be selected as the intermediate moment conservatively.

B. Equal Power Constraint at “Intermediate” Moment In
Transition from Lumped Model to Distributed Model

Until the “intermediate” moment (at Iθ = Ic in case of Fig. 2),
both radial (Ir ) and azimuthal (Iθ ) currents in the NI coil are
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TABLE I
AN NI HTS TEST COIL FOR “OVER-CURRENT” TEST AND SIMULATION

assumed to be spatially uniform in the lumped model. However,
when the distributed network model comes into play at the
intermediate state, the initial currents in all segments, radial
(Ii

r ) and azimuthal (Ii
θ ) in Fig. 2, must be defined. Here, we

propose an equal power constraint at the intermediate moment,
i.e., the total Ohmic power dissipation in the lumped model
(I2

r Rc ) equals that in the distributed model (
∑

Ii
r
2
Ri

c ). Then,
an effective average radial current of Iep

r may be defined as
equation (3) and Ii

r in all segments is assumed to be constant
and equal to Iep

r . Then, Ii
θ at each segment in the distributed

model may be obtained by applying the Kirchhoff’s current
law. Note that the power supply current of Ip in the lumped
model remains the same in the distributed model, which plays
the boundary conditions at the coil terminals, IN and OUT in
Fig. 2, at the intermediate state.

Iep
r =

√
I2
r Rc∑N

i=1 (Ri
c)

2 (3)

IV. CASE STUDY: AN 30-TURN NI REBCO TEST COIL

A. Coil Specification and Summary on Experimental Results

A 30-turn single-pancake NI test coil was wound with 4 mm
wide and 0.1 mm thick REBCO tapes made by the Super Power,
Inc. Key parameters of the coil are summarized in Table I. The
coil was previously constructed and tested at the MIT Francis
Bitter Magnet Laboratory [1]. In an “over-current” test, the coil
was intentionally charged beyond its critical current of 63 A up
to 120 A. Simulation results with the distributed model were
previously reported in [19], which agreed well with the experi-
mental ones. The test was performed in a bath of liquid nitrogen
at 77 K.

B. Simulation Results and Comparison

First, we simulated the over-current test using the lumped, dis-
tributed, and combined models individually and compared them
to each other as well as the experimental ones. In the combined
model analysis, the intermediate moment is conservatively set

Fig. 3. Magnetic fields at the coil center vs. time: (a) squares from experi-
ment; (b) circles from the distributed model; (c) diamonds from combined; and
(d) triangles from lumped. Stars indicate the power supply current. The inter-
mediate moment is conservatively set to be at t = 100 s when Iθ < Ic .

Fig. 4. Terminal voltages of the coil vs. time: (a) squares from experiment
(raw data); (b) hexagrams from inverse calculation based on experimental re-
sults; (c) circles from the distributed model; (d) diamonds from combined ; and
(e) triangles from lumped. Stars indicate the power supply current. The inter-
mediate moment is conservatively set to be at t = 100 s when Iθ < Ic .

to be at t = 100 s when Iθ < Ic . Figures 3 and 4 show magnetic
fields at the coil center and coil terminal voltages, respectively,
where squares, circles, diamonds, and triangles stand for the re-
sults from experiment, distributed model, combined model, and
lumped model, respectively. Stars in the figures represent the
power supply current ramping at 0.5 A/s. In the lumped circuit
analysis, Rc of 359 μΩ and n of 10 were used, which were
obtained from a separate test of the coil. In Fig. 4, an exces-
sive discrepancy in terminal voltages was observed between the
experimental raw data (squares, previously reported in [1]) and
all the simulated results, which is an extremely rare case when
compared with previous simulations of other NI coils. To fur-
ther explore this issue, we performed an inverse calculation of
terminal voltage, which is a technique to estimate the terminal
voltages of an NI coil from the measured magnetic fields at the
coil center, the measured characteristic resistance of Rc , and the
measured coil constant (unit: T/A) [31], [32]. The results are
presented in Fig. 4 as hexagrams, which agree reasonably well
with the simulated ones. Therefore, we tentatively concluded an
error in voltage measurement (squares in Fig. 4) during the test.

In Fig. 3, magnetic fields of the lumped model show a no-
table difference from those of the distributed model, while the
difference of magnetic fields between the distributed and com-
bined models are barely discernible. In Fig. 4, the difference of
terminal voltages between the distributed and combined models
are also marginal, which demonstrates the validity of our com-
bined model that generates essentially the identical results of the
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Fig. 5. Squares stand for errav g
θ

(t) in equation (5) representing the average
absolute errors in percentile between the distributed and combined models
for azimuthal currents in all segments; circles for errav g

r (t) in equation (4)
representing radial. Triangles and stars stand for the respective power supply
currents and magnetic fields at the center.

distributed model. Note that the measured magnetic fields agree
well with those of the combined model, while the measured
terminal voltages, obtained from the inverse calculation that is
based on the lumped circuit model, agree more to the results
of the lumped circuit model. In the distributed model, field de-
pendent critical currents Ic(|B|, θ) at 77 K of the SuperPower’s
REBCO tape, measured by a team led by D. Abraimov and
curve-fit by Hilton et al. [33], at the National High Magnetic
Field Laboratory were used to estimate Ic(|B|, θ) of each seg-
ment. The number of segments per each turn was limited to 12 in
consideration of calculation time, as improvement in simulation
accuracy with a larger number of segments was marginal.

C. Discussion

To quantitatively evaluate the discrepancy between the com-
bined and distributed models, erravg

r (t) and erravg
θ (t) are

defined, respectively, by equations (4) and (5):

erravg
r (t) =

1
N

N∑

i=1

∣∣∣∣∣1 − Ii
r,comb(t)
Ii
r,dist(t)

∣∣∣∣∣ (4)

erravg
θ (t) =

1
N

N∑

i=1

∣∣∣∣∣1 − Ii
θ,comb(t)
Ii
θ,dist(t)

∣∣∣∣∣, (5)

where Ii
r,comb(t) and Ii

θ,comb(t) are the respective radial and
azimuthal currents of the ith segment in the combined model,
while Ii

r,dist(t) and Ii
θ,dist(t) distributed. erravg

r (t) essentially
represents the average absolute errors in percentile between the
distributed and combined models for radial currents in all seg-
ment, while erravg

θ (t) represents those for azimuthal currents.
Fig. 5 plots erravg

r (t) (circles) and erravg
θ (t) (squares) after the

intermediate moment, i.e., t > 100 s. Due to the equal power
constraint at the intermediate moment, erravg

r (t) is at its peak
of 6.1% then immediately decreases to < 0.1%. erravg

θ (t) looks
rapidly increasing after the NI coil experienced a “full” quench
but still the peak of erravg

θ (t) is less than 1%. The results well
explain the good agreement in both magnetic fields and termi-
nal voltages between the distributed and combined models in
Figs. 3 and 4. Fig. 6 presents azimuthal and radial currents in
the NI coil at t = 200 s from: (a) the distributed model; and
(b) the combined model. The difference between the results
from the two methods is essentially negligible.

Fig. 6. Azimuthal (Ii
θ ) and radial (Ii

r ) currents in the NI coil at t = 200 s
from: (a) the distributed model; and (b) the combined model.

V. CONCLUSION

We proposed a “combined” model to simulate the non-linear
behaviors of a no-insulation (NI) high temperature supercon-
ductor (HTS) coil, essentially combination of the lumped cir-
cuit model and the distributed network model. The key idea is
a selective use of the two models depending on an operating
condition. When the azimuthal current of an NI coil is below its
critical current, the lumped circuit model may suffice to analyze
the non-linear NI behaviors. When the current surpasses the crit-
ical current, the distributed model takes over the role to simulate
nonuniform spatial distributions of currents, both radial and az-
imuthal. The equal power constraint was proposed to determine
the radial current distribution for the distributed model at the
intermediate state, then the azimuthal currents are calculated
by solving the distributed network circuit with the Kirchhoff’s
laws. To verify the combined model, the over-current test of a
30-turn NI REBCO single-pancake coil was simulated with the
lumped, distributed, and combined models individually, and the
results were compared to each other as well as the experimental
ones. The simulation results of the combined model are barely
discernible from those of the distributed model; they also show
good agreement with the experimental ones. The results verify
the validity of the combined circuit model for more efficient
simulation of the NI behaviors than the distributed model. By
limiting the use of the time-consuming distributed model only
for the post-quench analysis, the combined model may sub-
stantially reduce the overall calculation time without sacrificing
simulation accuracy.
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[6] T. Lécrevisse and Y. Iwasa, “A (RE)BCO pancake winding with metal-
as-insulation,” IEEE Trans. Appl. Supercond., vol. 26, no. 3, Apr. 2016,
Art. no. 4700405.

[7] S. Hahn, D. K. Park, J. Voccio, J. Bascunan, and Y. Iwasa, “No-insulation
(NI) HTS inserts for >1 GHz LTS/HTS NMR magnets,” IEEE Trans.
Appl. Supercond., vol. 22, no. 3, Jun. 2012, Art. no. 4302405.

[8] J. Liu et al., “Generation of 24 T with an all superconducting magnet,”
IEEE/CSC ESAS Supercond. News Forum, vol. 35, pp. STH39 (HP105),
Jan. 2016.

[9] S. Yoon, J. Kim, K. Cheon, H. Lee, S. Hahn, and S.-H. Moon, “26 T
35 mm all-Gd Ba2 Cu3 O7 –x multi-width no-insulation superconducting
magnet,” Supercond. Sci. Technol., vol. 29, no. 4, 2016, Art. no. 04LT04.

[10] J. Choi, S. Kim, S. Kim, K. Sim, M. Park, and I. Yu, “Characteristic
analysis of a sample HTS magnet for design of a 300 kW HTS DC induc-
tion furnace,” IEEE Trans. Appl. Supercond., vol. 26, no. 3, Apr. 2016,
Art. no. 3700405.

[11] S. Hahn et al., “Construction and test of 7-T/68-mm cold-bore multiwidth
no-insulation GdBCO magnet,” IEEE Trans. Appl. Supercond., vol. 25,
no. 3, Jun. 2015, Art. no. 4600405.

[12] Y. Choi et al., “The effects of partial insulation winding on the charge–
discharge rate and magnetic field loss phenomena of GdBCO coated
conductor coils,” Supercond. Sci. Technol., vol. 25, no. 10, 2012,
Art. no. 105001.

[13] S. Hahn et al., “No-insulation multi-width winding technique for high
temperature superconducting magnet,” Appl. Phys. Lett., vol. 103, no. 17,
2013, Art. no. 173511.

[14] T. Painter et al., “Design, construction and operation of a 13 T 52 mm
no-insulation REBCO insert for a 20 T all-superconducting user mag-
net,” presented at the 25th Int. Conf. Magnet Technol., Amsterdam,
The Netherlands, 2017.

[15] J. Kim et al., “Effect of resistive metal cladding of HTS tape on the char-
acteristic of no-insulation coil,” IEEE Trans. Appl. Supercond., vol. 26,
no. 4, Jun. 2016, Art. no. 4601906.

[16] Y. J. Hwang, J. Y. Jang, S. Song, J. M. Kim, and S. Lee, “Feasibility
study of the impregnation of a no-insulation HTS coil using an electri-
cally conductive epoxy,” IEEE Trans. Appl. Supercond., vol. 27, no. 4,
Jun. 2017, Art. no. 4603405.

[17] Y. Yanagisawa et al., “Basic mechanism of self-healing from thermal
runaway for uninsulated REBCO pancake coils,” Physica C, vol. 499,
pp. 40–44, 2014.

[18] Y. Wang, H. Song, D. Xu, Z. Li, Z. Jin, and Z. Hong, “An equivalent
circuit grid model for no-insulation HTS pancake coils,” Supercond. Sci.
Technol., vol. 28, no. 4, 2015, Art. no. 045017.

[19] T. Wang et al., “Analyses of transient behaviors of no-insulation REBCO
pancake coils during sudden discharging and overcurrent,” IEEE Trans.
Appl. Supercond., vol. 25, no. 3, Jun. 2015, Art. no. 4603409.

[20] Y. Wang, W. K. Chan, and J. Schwartz, “Self-protection mecha-
nisms in no-insulation (RE) Ba2 Cu3 Ox high temperature supercon-
ductor pancake coils,” Supercond. Sci. Technol., vol. 29, no. 4, 2016,
Art. no. 045007.

[21] A. Ikeda et al., “Transient behaviors of no-insulation REBCO pancake
coil during local normal-state transition,” IEEE Trans. Appl. Supercond.,
vol. 26, no. 4, Jun. 2016, Art. no. 4600204.

[22] K. R. Bhattarai, K. Kim, S. Kim, S. Lee, and S. Hahn, “Quench analysis
of a multiwidth no-insulation 7-T 78-mm REBCO magnet,” IEEE Trans.
Appl. Supercond., vol. 27, no. 4, Jun. 2017, Art. no. 4603505.

[23] J. Y. Jang et al., “Design, construction and 13 K conduction-
cooled operation of a 3 T 100 mm stainless steel cladding all-
REBCO magnet,” Supercond. Sci. Technol., vol. 30, no. 10, 2017,
Art. no. 105012.

[24] W. D. Markiewicz, J. J. Jaroszynski, D. V. Abraimov, R. E. Joyner, and
A. Khan, “Quench analysis of pancake wound REBCO coils with low
resistance between turns,” Supercond. Sci. Technol., vol. 29, no. 2, 2015,
Art. no. 025001.

[25] H. Song and Y. Wang, “Simulations of nonuniform behaviors of multiple
no-insulation (RE) Ba2 Cu3 O7−x HTS pancake coils during charging and
discharging,” IEEE Trans. Appl. Supercond., vol. 26, no. 4, Jun. 2016,
Art. no. 4700105.

[26] X. Wang et al., “Turn-to-turn contact characteristics for an equivalent
circuit model of no-insulation ReBCO pancake coil,” Supercond. Sci.
Technol., vol. 26, no. 3, 2013, Art. no. 035012.

[27] K. Yamafuji and T. Kiss, “Current-voltage characteristics near the glass-
liquid transition in high-TC superconductors,” Physica C, vol. 290, no. 1-2,
pp. 9–22, 1997.

[28] J. Lu, J. Levitan, D. McRae, and R. P. Walsh, “Contact resis-
tance between two REBCO tapes: The effects of cyclic loading and
surface coating,” Supercond. Sci. Technol., vol. 31, no. 8, 2018,
Art. no. 085006.

[29] K. L. Kim et al., “Effect of winding tension on electrical behaviors of a no-
insulation ReBCO pancake coil,” IEEE Trans. Appl. Supercond., vol. 24,
no. 3, Jun. 2014, Art. no. 4600605.

[30] S. Noguchi, K. Kim, and S. Hahn, “Simulation on electrical field genera-
tion by hall effect in no-insulation REBCO pancake coils,” IEEE Trans.
Appl. Supercond., vol. 28, no. 3, Apr. 2018, Art. no. 4901805.

[31] J. B. Song and S. Y. Hahn, “‘Leak current’ correction for critical current
measurement of no-insulation HTS coil,” Prog. Supercond. Cryogenics,
vol. 19, no. 2, pp. 48–52, 2017.

[32] S. Hahn et al., “No-insulation coil under time-varying condition: Magnetic
coupling with external coil,” IEEE Trans. Appl. Supercond., vol. 23, no. 3,
Jun. 2013, Art. no. 4601705.

[33] D. Hilton, A. Gavrilin, and U. Trociewitz, “Practical fit functions for trans-
port critical current versus field magnitude and angle data from (RE)BCO
coated conductors at fixed low temperatures and in high magnetic fields,”
Supercond. Sci. Technol., vol. 28, no. 7, 2015, Art. no. 074002.

Authorized licensed use limited to: Florida State University. Downloaded on March 27,2020 at 14:43:34 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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


