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Abstract—The joining process of individual BSCCO conductors
is inevitable because the double pancake coils need to be connected
with each other. Since the resistance characteristics of the joint can
affect the stability of nuclear magnetic resonance system seriously,
we did a research on soldering joint in this paper. As resistance
characteristics of a soldering joint can vary with conditions such as
joint length, thickness, temperature, and so on, we conducted short
sample joint experiments with orthogonal experimental design.
The significance of each condition’s influence was quantitatively
calculated, and an appropriate soldering condition was put for-
ward, under which the lowest joint resistance can be obtained.
We also applied this appropriate soldering condition to fabricate
joints for a 4-T high-temperature superconductivity coil and tested
its practical electrical properties.

Index Terms—BSCCO, soldering joint, orthogonal experiment,
electrical properties, high-temperature superconductivity (HTS)
coil.

I. INTRODUCTION

IN recent years, there are many researches conducted on
the application of BSCCO in a high-temperature supercon-

ductivity (HTS) coil for nuclear magnetic resonance (NMR)
system. The joining process of two separate BSCCO tapes
is one of the most indispensable techniques of HTS coil for
NMR system [1]–[3]. Generally speaking, there are two types
of joint techniques: superconducting joint and nonsupercon-
ducting joint. The soldering joint is one of the most common
techniques in nonsuperconducting joint [4], [5]. One of the key
points is to acquire a low resistance to avoid heating. There have
been some researchers conducting BSCCO short sample joint
experiments to analyze the factors affecting joint resistance;
however, they only did a relatively comprehensive analysis
on how each single factor affected joint resistance, without
comparing the significance of each factor’s influence [6], [7].

Our research uses mathematical means to research the sig-
nificance of each factor affecting joint resistance; finds an
appropriate condition for a soldering joint, under which the
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lowest joint resistance can be obtained. In this paper, experi-
mental analysis of resistance characteristics for short sample
between two BSCCO tapes was conducted. The experiment was
conducted in orthogonal experimental method with 5 factors
and 2 levels in each (length, thickness, temperature, joint ge-
ometry and disposition of stainless steel layer). Moreover, to
control these factors precisely in the experiment, we developed
a convenient soldering machine capable of soldering on various
conditions in this research. The resistance characteristics of
each short sample were measured from the V –I curve. We
utilized the appropriate condition to fabricate joints for a 4 T
HTS coil and tested the coil’s electrical characteristics.

II. SHORT SAMPLE EXPERIMENT

A. Soldering Device

A convenient soldering device was developed. To control the
factors aforementioned easily, the principles of design were:

(I) Easy to adjust the joint length.
(II) Easy to adjust the joint thickness and pressure is uni-

formly distributed on the tapes.
(III) Easy to adjust the temperature and heat is uniformly

distributed on the tapes.
(IV) Access to both lap joint and bridge joint.

Fig. 1 shows the soldering machine. The soldering machine
constitutes two separate parts: soldering part and temperature
control part. The soldering part is made of stainless steel, which
conducts heat easily and consists of a cover and a supporter.
In addition, the groove between the cover and the supporter is
coated with vacuum grease to avoid the tape being soldered
with the soldering part. Two heating bars and a thermocouple
temperature sensor are inserted into the soldering part to adjust
and monitor the temperature, respectively. The pressure on tape
was applied by the cover’s gravity and the pressure applied
on the top of the cover. Adding some thin stainless steel
shims between the cover and the supporter can adjust the joint
thickness easily.

The temperature control part is connected with the heating
bars and the thermocouple temperature sensor. We can set
the target temperature and observe the real-time temperature.
According to the real-time temperature and the target temper-
ature, it can control the current of the heating bars to make
the soldering part reach a stable target temperature (with a PID
method, the max error is ±2◦C).
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Fig. 1. Pictures of the soldering machine, (a) the whole part and (b) the
soldering part.

TABLE I
CHARACTERISTICS OF BSCCO TAPE

B. Joint Process

The BSCCO tapes are supplied by American Superconductor
(AMSC). They are fabricated in powder-in tube (PIT) method
with multifilamentary high-temperature superconductor wire
encased in a silver matrix and laminated with stainless steel to
provide high mechanical strength. The main characteristics of
the tapes are shown in Table I.

In the experiment, all the BSCCO tapes are cut in 150 mm
in length; PbSnBi (Pb, 20%–25%; Bi, 37%–43%; Sn, the rest;
made by heating and melting method) is used as the solder
material with melting point around 110 ◦C; the cooling time
from soldering temperature to room temperature is 10 min. The
samples are under constant pressure during the soldering and
cooling process. The stainless steel lamination of some samples
is manually removed by heat treatment. Two joint geometries
are employed, i.e., lap joint and bridge joint, whose schemes
are shown in Fig. 2.

C. Results and Discussions

The orthogonal experimental table L8(2
7) is used with 5

factors and 2 levels in each, which is shown in Table II.
For an orthogonal experimental table, there are generally two
analyzing methods: range analysis and variance analysis. Range
analysis is simple and easy to understand, but it cannot separate
the experimental error’s influence. So variance analysis is used

Fig. 2. Two joint geometries, (a) lap joint and (b) bridge joint.

here to fill the gap. In order to do variance analysis, the
orthogonal experimental table must contain blank column to
serve as the error term. In our design, there are only 5 factors
to analyze, so the column F and G serve as the error column.
More details about orthogonal experiment design and analysis
can be seen in [8].

Eight joint samples are fabricated according to each condi-
tion; one of the samples is shown in Fig. 3. The resistances of
the samples are tested by V –I characteristic curves measure-
ment at 77 K in a saturated liquid nitrogen bath by four-probe
method; the results are shown in Table II.

In Table II, xij , i = 1, 2, · · · ,m, m is the level number, here
m = 2; j = 1, 2, · · · , r, r is the number of repeating level, here
r = 4; n is the number of experiments, here n = 8; the total
sum of square of deviations

ST = QT − CT, (1)

where the quadratic sum

QT =

m∑
i=1

r∑
j=1

(xij)
2, (2)

the correction coefficient

CT =
T 2

n
; (3)

the sum

T =

m∑
i=1

r∑
j=1

xij ; (4)

each factor’s sum of square of deviations⎧⎨
⎩

SA = QA − CT
SB = QB − CT

...

, (5)

where

QA, QB , · · · =
1

r

m∑
i=1

⎛
⎝

r∑
j=1

xij

⎞
⎠

2

; (6)

the sum of results at level “1”

K1A,K1B , · · · =
r∑

i=1

x1i; (7)

the sum of results at level “2”

K2A,K2B , · · · =
r∑

i=1

x2i. (8)

Authorized licensed use limited to: Renmin University. Downloaded on October 08,2023 at 05:37:00 UTC from IEEE Xplore.  Restrictions apply. 



ZHOU et al.: INVESTIGATION OF EXPERIMENT FOR FABRICATION OF A SOLDERING JOINT FOR AN HTS COIL 6900405

TABLE II
ORTHOGONAL EXPERIMENTAL TABLE

Fig. 3. Soldering joint sample.

TABLE III
VARIANCE ANALYSIS TABLE

In the experiment, the resistance characteristic of the solder-
ing joint is related to 5 factors; each factor has 2 levels; so
there will be 25 = 32 experiments in a complete analysis. Using
orthogonal experimental method (L8(2

7)), there only need to
be eight experiments, which minimizes the number of exper-
iments. Also, with orthogonal experiment, the significance of
each factor’s influence on joint resistance can be quantitatively
calculated, and the optimum soldering condition can be put
forward. The variance analysis result is shown in Table III.

In Table III, the total freedom degree

fT = n− 1; (9)

the factors’ freedom degree
⎧⎨
⎩

fA = level number of A− 1 = m− 1
fB = level number of B − 1 = m− 1

...

; (10)

Fig. 4. Decision rule of significance.

the error’s freedom degree

fe = fT − (fA + fB + · · ·); (11)

variance ⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

VA = SA

fA

VB = SB

fB
...

Ve =
Se

fe

; (12)

F value
⎧⎪⎨
⎪⎩

FA = VA

Ve

FB = VB

Ve

...

. (13)

According to the F value of each factor and the given
significanceFα, we can evaluate whether each factor’s influence
on resistance is significant or not relative to experimental error’s
influence on resistance. The greater the F value is, the more
significant the factor’s influence is. According to fA = fB =
· · · = fE = 1, fe = 2 and significance level α = 0.01, 0.05,
0.10, 0.25, the critical F value Fα can be referred to the F value
distribution table:

⎧⎪⎨
⎪⎩

F0.01(1, 2) = 98.50
F0.05(1, 2) = 18.51
F0.10(1, 2) = 8.53
F0.25(1, 2) = 2.57

(14)

so the decision rule of significance is shown in Fig. 4.
From Tables II and III, we can draw some conclusions as

follows:
(I) According to F value in Table III, the significance of each

factor’s influence on joint resistance is B → D → A →
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TABLE IV
OPTIMUM SOLDERING CONDITION

TABLE V
SELECTED SPECIFICATIONS OF THE DOUBLE PANCAKE

COIL WOUND WITH 200 M TAPE

TABLE VI
SELECTED SPECIFICATIONS OF THE WHOLE HTS COIL

E → C; that is joint thickness > disposition of stainless
steel layer > joint length > soldering temperature > joint
geometry.

(II) According to K1f and K2f in Table II, to reach the
lowest joint resistance, the optimum soldering condition
is B1D1A2E1C1, which is shown in Table IV.

III. HTS COIL EXPERIMENT

Note that it is generally agreed, because of self-field, the
electrical characteristics of joint in practical use is much worse
than the short sample [9], [10]. To verify the joints’ electrical
characteristics in practical use, we utilized the optimum solder-
ing condition to fabricate joints for a 4 T HTS coil.

A. Joint Fabrication

The 4 T HTS coil was made of 17 BSCCO double pancake
coils. Each double pancake coil was wound with 200 m long
of the same BSCCO tape as shown in Table I. Selected specifi-
cations of the double pancake coil and the whole HTS coil are
shown in Tables V and VI.

In order to connect the 17 double pancakes (1∼17) in series,
there needs to be 16 joints between them. Each of the joint was
fabricated according to the optimum soldering condition. We
still chose PbSnBi as the solder material because of its stability
and controlled the soldering conditions precisely with a self-
made curve soldering machine. The whole HTS coil is shown
in Fig. 5.

B. Measurement and Results

We still used the four-probe method to test the electrical
characteristics of each double pancake at 77 K in a saturated
liquid nitrogen bath. Considering that the self-field of the whole
HTS coil was symmetry, we only tested 1∼8 on the top. The test
of every double pancake comprised of the double pancake itself
and the joint, which is connected to the next. The testing result
is shown in Fig. 6 and Table VII. Unfortunately, the maximum

Fig. 5. Whole HTS coil (wound with insulation fiber).

Fig. 6. V –I curve of 1∼8 double pancakes.

TABLE VII
WHOLE RESISTANCES OF 1∼8 DOUBLE PANCAKES

current of power supply in this study was 40 A. In this reason,
only the critical current of 1, 2, and 3 could be measured.

We assume that the double pancakes do not have resistance
in nonquench state; thus, the whole resistance got from test can
be interpreted as the joint resistance.

From Table VII, it can be seen that the resistances of joints
in practical use are larger than that of short samples; this
is because the joint in practical use has a bending diameter,
which enlarges resistance; the joint resistance has no certain
relationship with location, but owing to the perpendicular com-
ponent of the self-field, the critical current (according to the
1 μV/cm criteria) has a clear relationship with location: the
double pancakes on the ends have a smaller critical current.

Since the double pancakes are connected in series, the critical
current of the whole HTS coil is determined by the double
pancakes’ least critical current, which is ∼32 A (critical current
of 1), at 77 K (shown in Fig. 6). We use ANSYS to establish a
(1/2) axisymmetric model of this coil to calculate its magnetic
field distribution. The result shows that, at 32 A, the center
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Fig. 7. Perpendicular and parallel field on 1∼8 double pancakes (at 32 A).

TABLE VIII
PERPENDICULAR AND PARALLEL FIELD ON 1, 2, 3 AT THEIR

CORRESPONDING CRITICAL CURRENT

field is 0.83 T and the distribution of perpendicular and parallel
field on 1∼8 double pancakes is shown in Fig. 7. Similarly, we
can also calculate the distribution of perpendicular and parallel
fields on 2, 3 double pancakes at their corresponding critical
current of 2 (∼34 A) and 3 (∼38 A), respectively. The summary
result is shown in Table VIII.

The HTS coil will finally work in a 4.2 K environment. The
critical current at 4.2 K is at least 6 times of the one at 77 K, so
the HTS coil’s critical current at 4.2 K is at least ∼190 A, which
is larger than the operation current of ∼154 A (4 T). Therefore,
the fabrication of these joints can satisfy our requirement.

IV. CONCLUSION

In this paper, we did a research on a soldering joint between
two separate BSCCO tapes. The BSCCO tapes were soldered
on various conditions varying with joint length, thickness, tem-

perature, joint geometry, and disposition of stainless steel layer.
According to the result from a short sample orthogonal exper-
iment we conducted, we got the significance of each factor’s
influence on joint resistance is joint thickness > disposition
of stainless steel layer > joint length > soldering temperature
> joint geometry and developed an optimum condition for a
soldering joint, under which the lowest joint resistance can be
obtained. We also utilized the optimum soldering condition to
fabricate joints for a 4 T HTS coil to verify the joints’ electrical
characteristics in practical use; each joint of the HTS coil has a
resistance of 2 ∼ 6× 10−6 Ω and the HTS coil’s critical current
is ∼32 A at 77 K and ∼190 A at 4.2 K, which is larger than the
4 T operation current of ∼154 A. It has been demonstrated that
the fabrication of these joints can satisfy our requirement.

REFERENCES

[1] J. H. Kim, B. K. Ji, J. Joo, C. W. Yang, and W. Nah, “Superconduct-
ing joint between Bi-Pb-Sr-Ca-Cu-O superconductor tapes,” IEEE Trans.
Appl. Supercond., vol. 10, no. 1, pp. 1182–1185, Mar. 2000.

[2] K.Fukushima et al., “Persistent mode operation ofBi2Sr2Ca1Cu2Ox/
Ag stacked double pancake coils with superconducting joints,” Japanese
J. Appl. Phys., vol. 36, no. 11A, pp. L1433–L1435, 1997.

[3] Q. L. Wang et al., “Design of open high magnetic field MRI supercon-
ducting magnet with continuous current and genetic algorithm method,”
IEEE Trans. Appl. Supercond., vol. 19, no. 3, pp. 2289–2292, Jun. 2009.

[4] Q. L. Wang et al., “Development of high magnetic field superconduct-
ing magnet technology and applications in China,” Cryogenics, vol. 47,
no. 7/8, pp. 364–379, Jul./Aug. 2007.

[5] Q. L. Wang, “High field superconducting magnet: Science, technology
and applications,” Progr. Phys., vol. 33, no. 1, pp. 1–23, 2013.

[6] P. V. Shoaff, Jr., Y. S. Hascicek, J. Schwartz, and S. W. Van Sciver, “An
investigation of the characterization and development of HTS joints in
BSCCO 2212/Ag composites,” IEEE Trans. Appl. Supercond., vol. 7,
no. 2, pp. 1695–1698, Jun. 1997.

[7] C. Y. Shigue, C. A. Baldan, and E. Ruppert-Filho, “Evaluation of cur-
rent transfer in Bi-2223/Ag composite tapes,” Physica C, vol. 408–410,
pp. 698–699, Aug. 2004.

[8] J. Kiefer, “Optimum experimental designs,” J. R. Stat. Soc., Series B
(Methodological), vol. 21, no. 2, pp. 272–319, 1959.

[9] M. H. Sohn et al., “Joint resistances between two parallel high Tc

superconducting tapes,” IEEE Trans. Appl. Supercond., vol. 13, no. 2,
pp. 1764–1767, Jun. 2003.

[10] Q. L. Wang, Practical Design of Magnetostatic Structure Using Numeri-
cal Simulation. Hoboken, NJ, USA: Wiley, 2013.

Authorized licensed use limited to: Renmin University. Downloaded on October 08,2023 at 05:37:00 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


