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Îñîáåííîñòè ðàçðóøåíèÿ ìåòàñòàáèëüíîé àóñòåíèòíîé íåðæàâåþùåé

ñòàëè ïðè êðèîãåííûõ òåìïåðàòóðàõ â âûñîêîèíòåíñèâíûõ

ìàãíèòíûõ ïîëÿõ

ß. Øèíäî, Ô. Íàðèòà, Ì. Ñóçóêè, È. Øèíäî

Îòäåëåíèå îáðàáîòêè ìàòåðèàëîâ, Óíèâåðñèòåò Òîõîêó, Ñåíäàé, ßïîíèÿ

Èññëåäóåòñÿ âëèÿíèå ìàãíèòíîãî ïîëÿ íà çàêîíîìåðíîñòè ðàçðóøåíèÿ ìåòàñòàáèëüíîé àóñòå-

íèòíîé íåðæàâåþùåé ñòàëè ïðè êðèîãåííûõ òåìïåðàòóðàõ. Ïðè èñïûòàíèè êîìïàêòíûõ

îáðàçöîâ íà ðàñòÿæåíèå â ñðåäå æèäêîãî ãåëèÿ ïðè òåìïåðàòóðå 4 Ê ïðè íàëè÷èè è

îòñóòñòâèè ìàãíèòíîãî ïîëÿ ïîëó÷åíû ýêñïåðèìåíòàëüíûå çíà÷åíèÿ óïðóãîïëàñòè÷åñêîé

âÿçêîñòè ðàçðóøåíèÿ è ïðîàíàëèçèðîâàíî âëèÿíèå ìàãíèòíîãî ïîëÿ íà ýòè ïàðàìåòðû. Ñ

ïîìîùüþ ìàãíèòíîãî ìåòîäà âûïîëíåí êîëè÷åñòâåííûé ôàçîâûé àíàëèç. Ïîâåðõíîñòè ðàçðó-

øåíèÿ èññëåäîâàëèñü íà ñêàíèðóþùåì ìèêðîñêîïå ñ öåëüþ îöåíêè êîððåëÿöèè ïîëó÷åííûõ

ïàðàìåòðîâ ðàçðóøåíèÿ.

Êëþ÷åâûå ñëîâà: ìåõàíèêà ðàçðóøåíèÿ, ðàñòÿæåíèå êîìïàêòíûõ îáðàçöîâ,

àóñòåíèòíàÿ íåðæàâåþùàÿ ñòàëü, âÿçêîñòü ðàçðóøåíèÿ, òåìïåðàòóðà æèäêîãî

ãåëèÿ, ìàãíèòíîå ïîëå, ñâðõïðîâîäÿùèå ýëåêòðîìàãíèòû äëÿ ÿäåðíîãî ñèí-

òåçà.

Introduction. Metastable austenitic stainless steels are used in the super-

conducting magnet structures. In this application the alloys sustain high stresses in

high magnetic fields at liquid helium temperature (4 K). This necessitates complete

characterization of the fracture and deformation behavior of these alloys at the

anticipated operating conditions. These metastable austenitic stainless steels can

undergo strain-induced martensitic transformation at cryogenic temperatures [1].

Also, magnetic fields tend to raise the martensitic transformation temperature and

to increase the amount of transformation in ferrous alloys.

Fukushima et al. [2] performed the fracture tests on 304 stainless steel using

compact tension (CT) specimens precracked at 77 K, and suggested that there may

be a significant decrease in the fracture toughness at 4 K in a 9 T magnetic field.

Murase et al. [3] also observed that an 8 T magnetic field decreased the 4 K

fracture toughness of 304 CT specimens precracked at 77 K. On the other hand,

Chan et al. [1] conducted the fracture tests using CT specimens precracked at room

© Y. SHINDO, F. NARITA, M. SUZUKI, I. SHINDO, 2010

ISSN 0556-171X. Ïðîáëåìû ïðî÷íîñòè, 2010, ¹ 2 125



temperature (RT) and found that an increase in the fracture toughness of 304

stainless steel tested at 4 K in an 8 T magnetic field was observed relative to the

fracture toughness of stainless steel tested in 0 T. They concluded that this

improvement is expected as a result of magnetostatic effects and transformation

strain differences due to the excess martensite formed within the magnetic field,

and the increase in strain hardening rates. The direction of fracture toughness

change is influenced both by the stability of the alloys and by the specimen

preparation conditions, such as precracking temperature. Further, Chan et al. [4]

discussed the fracture behavior of CT specimens made from austenitic stainless

steels of differing stability in a 4 K, 8 T magnetic field environment. The least

stable alloy showed a large reduction in the 4 K fracture toughness with an 8 T

magnetic field, and the amount of fracture toughness reduction with an 8 T

magnetic field decreased as the stability of the specimens increased. They found

that this difference in fracture behavior is attributed to the enhancement of

martensitic transformation about the crack tip during the fracture process in a

magnetic field.

Recently, Yamaguchi et al. [5] studied the effect of magnetic field on the

cryogenic fracture properties in a ferromagnetic austenitic alloy using small punch

(SP) and notch tensile specimens. The 4 K fracture properties of alloy 908 were not

changed significantly by magnetic field. Shindo et al. [6] also examined the effect

of magnetic field on the fracture properties of SUS 304 and 316 at 4 K. SUS 304

showed a decrease in the measured fracture toughness at 4 K with the application

of magnetic field. However, the magnetic field effect was not large enough to

affect mechanical design for SUS 316. They concluded that the magnitude of

change in 4 K fracture toughness with the application of magnetic field is a

function of the stability of the alloy.

In this paper, we investigate the effect of magnetic field on the cryogenic

fracture properties of metastable austenitic stainless steel SUS 304. Elastic-plastic

fracture toughness (J cI ) tests were performed on side-grooved CT specimens at 4 K

with and without a magnetic field, following JIS Z 2284 [7]. The specimens were

fatigue precracked at RT and 77 K. J-resistance (J–R) curves were generated by the

single specimen unloading-compliance test technique, and the magnetic field

dependence of the cryogenic fracture toughness was discussed. The volume

fraction of martensite was also determined using magnetic method, and the fracture

surfaces were examined using scanning electron microscopy (SEM) to correlate

with fracture characteristics.

Experimental Procedure. The compositions of the commercial SUS 304

used in this work are listed in Table 1. SUS 304 is metastable with respect to

austenitic-to-martensitic transformation and undergo a phase transition from an fcc

structure to a more stable bcc martensite on deformation at low temperatures.

Y. Shindo, F. Narita, M. Suzuki, and I. Shindo
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T a b l e 1

Chemical Compositions of SUS304 Stainless Steel (wt.%)

C Si Mn P S Ni Cr

0.06 0.47 0.89 0.028 0.001 8.54 18.28



The CT specimen was 5 mm thick (B) and 25 mm wide (W), i.e., 0.2TCT [8].

The specimens were fatigue precracked at RT and 77 K with final stress intensity

factor range of 30 MPa m�
1 2/ . The precracking was continued to the original-

crack-length-to-width ratio a W0 0 6� . . After precracking, side-grooves were

machined on all specimens to a net thickness (B N ) reduction of 20%.

A 30 kN axial loading capacity servo-hydraulic testing machine was employed.

A cryocooler-cooled superconducting magnet, 10 T (tesla) capacity, with a 100 mm

diameter working bore was also used to create a static uniform magnetic field of

magnetic induction B0 6� T. Low temperature environment was archived by

immersing the load frame, specimen, and clip gage in liquid helium (4 K). Before

J cI testing, tensile tests were conducted on the SUS304 specimens in accordance

with ISO 19819 [9], and Youngs modulus E , Poissons ratio � , 0.2% proof stress

� 0 2. , ultimate tensile strength � u , and fracture strain � f were measured. The

ferrite content was also measured using a conventional ferrite tester equipment

(Ferrite scope). The 4 K J cI testing was then done. The specimens were loaded at

a constant clip-gage displacement rate of 0.12 mm/min. The single-specimen

unloading compliance method described in JIS Z 2284 was used to monitor the

crack growth and obtain the fracture toughness parameters. The specimen was

periodically unloaded by approximately 10% and then reloaded to a higher J level.

The slope of the unloading curve was measured and related to crack length (a) by

compliance, and the crack length was used to obtain the crack extension increment

(�a a a� � 0). Value of J was calculated from the load–displacement record and

specimen dimensions.

After J cI testing, the final physical crack length a p , the distance from the

load line to the final crack front, was measured with a digital microscope. The

dimension ap was taken as the average of nine physical measurements a pi (i�

1–9) taken at nine equally spaced points centered about the specimen centerline

and extending to 0.005W from the root of the side groove specimen. The two

near-surface measurements were average into one value and the result was used

along with the remaining seven crack length measurements. Similarly, the final

value of physical crack extension �a p was taken as the average of nine similar

measurements �a pi (i� 1–9) between the original crack front and the end of

stable crack growth.

Results and Discussion. Two typical stress–strain curves of the SUS304

tensile specimens at 4 K are shown in Fig. 1. Serrations are formed by repeated

bursts of unstable plastic flaw and arrests. Table 2 shows the Youngs modulus E,

Poissons ratio �, 0.2% proof stress � 0 2. , ultimate tensile strength � u , and fracture

strain � f with and without magnetic field. It is shown that magnetic field has

negligible effect on the tensile properties. Table 3 lists the measured ferrite

contents at 4 K. Also listed are the ferrite contents at RT for comparison. As the

strain increases, the ferrite content increases. Also, the decrease in the temperature

results in an increase in ferrite content. At 4 K, we observed almost 18% increase

in ferrite content in the magnetic field of 6 T under strain at fracture. Since the

increase in martensite content is correlated with the increase in the ferrite content,

the martensite content increases under strain at fracture as the magnetic field

increases at 4 K.
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Figure 2 shows load–displacement curves at 4 K for the SUS304 specimens

precracked at the RT. The maximum load increased with increasing magnetic field.

The measurements of the crack length and related parameters are performed on

these specimens. As defined in JIS Z 2284, the difference between the final crack

extension, �a f , predicted by elastic compliance at the last unloading and the

average physical crack extension, �a p , does not exceed 015. �a p , and none of the

nine physical measurements, a pi , differ by more 7% from the average physical

crack length, a p . The crack length requirement can not be satisfied in the 0.2TCT

specimens.

Figure 3 shows the J-resistance (J–R) curves at 4 K for the specimens

precracked at RT. A quantitative measure of JQ (candidate value of J cI ) is

operationally defined as the point of intersection of the power-law regression line
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T a b l e 2

Tensile Properties of SUS304 Stainless Steel at 4 K

B0 , T E, GPa � �0 2. , MPa �u , MPa � f

0 192 0.30 354 1691 0.35

6 192 0.29 340 1706 0.33

T a b l e 3

Variation of Ferrite Content with Applied Strain

Temperature (K) Magnetic induction B0 , T Strain Ferrite content (%)

RT 0 0.002 1.33

0.200 1.60

0.690 48.70

4 0 0.08 3.70

0.35 75.00

6 0.08 4.68

0.33 88.20

Fig. 1. Stress–strain curves for SUS304 tensile specimens at 4 K. (Here and Figs. 2–5: solid lines –

with the magnetic field of 6 T and dashed lines – without the magnetic field.)
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and a blunting line, J aY�2� � , drawn at a 0.2 mm offset (�Y in the effective

yield strength). The JQ value of 58.6 kJ/m2 at 6 T is higher than the JQ value at

0 T (45.9 kJ/m2).

Figure 4 shows load–displacement curves at 4 K for the SUS304 specimens

precracked at 77 K. The maximum load decreased with increasing magnetic field,

in contrast to the specimens precracked at RT. Also, a small but sudden drop

occurred under 6 T. This drop attributed to a pop-in crack growth. Measured crack

extension data for the specimens precracked at 77 K show that the crack length

requirement can not be satisfied.

Figure 5 shows the J–R curves at 4 K for the specimens precracked at 77 K.

The JQ value of 38.5 kJ/m2 at 6 T is lower than the JQ value at 0 T (42.6 kJ/m2).

Changes in the fracture toughness are detected with an applied magnetic field,

depending on the precracking temperature. A reduction in the JQ value of the

specimens precracked at 77 K with 6 T is due to the enhancement of martensitic

transformation around the crack tip during the precracking stage. Figure 6 shows

representative fractographic features of the fracture surfaces of the broken specimens
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Fig. 2. Load–displacement curves for SUS304 CT specimens at 4 K (precracked at RT).

Fig. 3. J–R curves for SUS304 CT specimens precracked at 4 K (precracked at RT).
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under 6 T precracked at RT and 77 K. Some brittle facets, assumed to be

intergranular, were observed in the samples precracked at 77 K. It was implied that

the higher brittleness of the specimens precracked at 77 K associated with high

ferrite content, relative to the specimens precracked at RT.

Conclusions. The cryogenic fracture behavior of metastable austenitic stainless

steel in magnetic field is characterized by elastic-plastic fracture toughness tests

using CT specimens. It is found that magnetic field has negligible effect on the

cryogenic tensile properties of SUS304 stainless steel. Also, magnetic field

dependence of the cryogenic fracture toughness changes with the precracking

temperature. For example, SUS304 stainless steel precracked at RT shows an

increase in the fracture toughness at 4 K with the application of magnetic field. For

SUS304 precracked at 77 K, magnetic field decreases the fracture toughness at 4 K.

From the present study, it is expected to encourage further research on the fracture

and fatigue of austenitic stainless steel in cryogenic high magnetic field

environments.
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Fig. 4. Load–displacement curves for SUS304 CT specimens at 4 K (precracked at 77 K).

Fig. 5. J–R curves for SUS304 CT specimens precracked at 77 K.
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Ð å ç þ ì å

Äîñë³äæóºòüñÿ âïëèâ ìàãí³òíîãî ïîëÿ íà çàêîíîì³ðíîñò³ ðóéíóâàííÿ ìåòà-

ñòàá³ëüíî¿ àóñòåí³òíî¿ íåðæàâ³þ÷î¿ ñòàë³ çà êðèîãåííèõ òåìïåðàòóð. Ïðè âè-

ïðîáóâàíí³ êîìïàêòíèõ çðàçê³â íà ðîçòÿã ó ñåðåäîâèù³ ð³äêîãî ãåë³þ ïðè

òåìïåðàòóð³ 4 Ê çà íàÿâíîñò³ ³ â³äñóòíîñò³ ìàãí³òíîãî ïîëÿ îòðèìàíî åêñïåðè-

ìåíòàëüí³ çíà÷åííÿ ïðóæíî-ïëàñòè÷íî¿ â’ÿçêîñò³ ðóéíóâàííÿ òà ïðîàíàë³çî-

âàíî âïëèâ ìàãí³òíîãî ïîëÿ íà ö³ ïàðàìåòðè. Çà äîïîìîãîþ ìàãí³òíîãî

ìåòîäó âèêîíàíî ê³ëüê³ñíèé ôàçîâèé àíàë³ç. Ïîâåðõí³ ðóéíóâàííÿ äîñë³äæó-

âàëè íà ñêàíóþ÷îìó ì³êðîñêîï³ ç ìåòîþ îö³íêè êîðåëÿö³¿ îòðèìàíèõ ïàðà-

ìåòð³â ðóéíóâàííÿ.

1. J. W. Chan, J. Glazer, Z. Mei, et al., “Fracture toughness of 304 stainless steel

in an 8 tesla field,” Acta Metall. Mater., 38, 479–487 (1990).

ISSN 0556-171X. Ïðîáëåìû ïðî÷íîñòè, 2010, ¹ 2 131

a

b

Fig. 6. Fractographs of broken specimens in 6 T precracked at RT (a) and 77 K (b).

Cryogenic Fracture Behavior of Metastable Austenitic Stainless Steel ...



2. E. Fukushima, S. Kobatake, M. Tanaka, and H. Ogiwara, “Fracture toughness

tests on 304 stainless steel in high magnetic fields at cryogenic temperatures,”

Adv. Cryo. Eng., 34, 367–370 (1988).

3. S. Murase, S. Kobatake, M. Tanaka, et al., “Effects of a high magnetic field

on fracture toughness at 4.2 K for austenitic stainless steels,” Fusion Eng.

Des., 20, 451–454 (1993).

4. J. W. Chan, D. Chu, A. J. Sunwoo, and J. W. Morris, Jr., “Metastable

austenites in cryogenic high magnetic field environments,” Adv. Cryo. Eng.,

38, 55–59 (1992).

5. Y. Yamaguchi, K. Horiguchi, Y. Shindo, et al., “Fracture and deformation

properties of Ni–Fe superalloy in cryogenic high magnetic field environments,”

Cryogenics, 43, 469–475 (2003).

6. Y. Shindo, Y. Yamaguchi, and K. Horiguchi, “Small punch testing for

determining the cryogenic fracture properties of 304 and 316 austenitic

stainless steels in a high magnetic field,” Cryogenics, 44, 789–792 (2004).

7. JIS Z 2284. Method of Elastic-Plastic Fracture Toughness J cI Testing for

Metallic Materials in Liquid Helium, Japanese Standards Association (1998).

8. Y. Shindo, K. Horiguchi, and J. Yamada, “Specimen size effects in the

cryogenic fracture toughness testing of Fe–12Cr–12Ni–10Mn–0.24N stainless

steel,” Fusion Eng. Des., 73, 1–7 (2005).

9. ISO 19819. Metallic Materials – Tensile Testing in Liquid Helium, International

Organization for Standardization (2004).

Received 09. 11. 2007

132 ISSN 0556-171X. Ïðîáëåìû ïðî÷íîñòè, 2010, ¹ 2

Y. Shindo, F. Narita, M. Suzuki, and I. Shindo



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

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


