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NSLS-II Bellows Assembly APS Bellows Assembly

Conventional Design of RF Shielded Bellows

• RF fingers in bellows maintain electrical continuity and  keep a smooth beam 
aperture while compensating for misalignments, axial gap and thermal expansion. 

• In most of the designs the RF fingers slide on the outer surface of a SS sleeve and 
are compressed by additional springs for better electrical and thermal contacts.

• An inside-sliding RF finger design has been used successfully at APS.
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LHC Standard Vacuum Modules

Bellows Interconnection with Deformable Fingers 

C. Garion, “Design and Tests of the Shielded Beam Screen”, 
HL-LHC Annual Meeting, Madrid, Spain (2017)
https://indico.cern.ch/event/.../HL_LHC_AnnMeeting_17_beam_
screen_CG.pptx

RF Fingers as Installed

RF Fingers in Operation

Deformable RF Fingers for LHC

• BeCu (C17410) Fingers
• 0.1 mm thick, 3 mm width, gap: 1.4 mm
• Circular aperture (φ 63.1 mm)
• The design is optimized to prevent buckling 

(local and column) and over-extension
• Large extension (12.3 mm) per convolution.

The fingers are not fully extended in 
operation.
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Design Requirements:
• Bellows insertion length  < 120 mm
• Misalignment:  2 mm transverse; axial gap: 2 mm
• Number of fatigue cycles to failure: > 30 ( 1 bake-out per year)
• No significant change (steps) in the beam aperture
• Compression during bakeout: 10 mm 

Proposed Design 
The proposed design is based on:

• RF fingers are made as a straight finger spool with radial cuts
• Axial gap: axial extension of up to 2 mm
• Bake-out compression: Large nonlinear deformations including buckling
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114 mm

Bellows Assembly

SS Bellows

Split-Collar Clamping Rings

Proposed Design – Contd.

22 mm

• RF finger spool is a single- piece construction.
• Material:  CuCrZr or Glidcop AL-15 (higher thermal and electrical conductivities)
• Inside aperture, 22 mm, is continuous (without steps).
• Attached to the flanges with Cu-alloy split-collar clamping rings.  (CuCrZr spool 

can be welded directly to SS flanges.)

112 mm
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Fabrication

Spool  Piece

• A spool piece is first made with dimensions as shown.  
The wall thickness at the center is 3 mm greater than 
the fingers’ thickness (0.4 mm).

• Wire EDM removes the extra 3 mm material in the 
first step.

• Wire EDM in the second step creates 50 RF fingers 
of approximately 1.25 mm  width by making 0.4 mm 
radial cuts every 7.2⁰.

Wire
EDM

RF Finger Spool in a Test 
Fixture

0.4 mm

Φ 22 mm
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Shape Thickness
/
Diameter
(mm)

Temper Tensile
Strength 
(MPa)

Yield 
Strength
(MPa)

Elongation
(%)

Sheet 0.3-10 A* 440 390 10
Rod 50-120 Extruded and 

Drawn
465 410 18

Rect. And 
Sq. Bars

Extruded and 
Drawn

370-470 270-440 8-18

Round Bar
R200

Min 200 60 Min 30

B* 318 200 30

Mechanical Properties – CuCrZr 

http://conductivity-app.org/alloy-sheet/19

A*: Solution heat treated , artificially aged.
B* Prime Aged +600 ⁰C for 1 hour
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Shape Thickness/
Diameter
(mm)

Temper Tensile
Strength 
(MPa)

Yield 
Strength
(MPa)

Elongation
(%)

Flat 0.15 CW 98% 661 613 6
Plate > 25

Up to 130
As Const. 365 255 26

Rounds Up to 760 As Const. 365 255 26

https://www.hoganas.com/globalassets/media/sharepoint-
documents/BrochuresanddatasheetsAllDocuments/GLIDCOP_AL15.pdf

Mechanical Properties – Glidcop AL-15
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FE Analysis

ITER Material Property Handbook Documentation, 2232 HM, 
“Cu-Cr-Zr – Engineering and True Stress-Strain Curves, 
Page 11 

Yield Strength = 350 MPa
Tangent Modulus = 1,300 MPa

E = 125,500 MPa
Fixed

Applied Displacement

ANSYS FE model includes:
• Large deformation
• Bilinear plasticity with kinematic hardening
• Stress stiffening
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FE Results

Vertical Displacement, Uy (mm), Contours Equivalent Stress (MPa) Contours

• For an initial preset cycle, a small transverse pressure (0.03 MPa) is applied to 
select buckling direction, then a compression cycle of 6 mm.
 Residual stresses dictate buckling direction.

• Transverse misalignment of 3 mm, axial extension of 3 mm.
• Two compression (bake-out) cycles 1 and 2 , applied compression of 15 mm.
• After second cycle  max. Uy = 21.5 mm,  max stress = 450 Mpa.
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Load Excursion Mode of Deformation
A Elastic + large plastic deformation during initial extension of 

3 mm.  (cycling starts at position       )

B + C Buckling at the beginning of compression (starting at )

D Additional plastic deformation during compression

E Reversal of compression, elastic + large plastic deformation

F Stress reversal , tensile stress at zero compression (at        ) 
which leads to straightening of the finger.

Stress –Strain at 
Top-Center

Cyclic Stress-Strain Response  
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Cyclic Fatigue Test Samples

60 mm

106 mm

0.4 mm

EDM of 
Fingers

Test Piece (3 fingers) 

• The flat test samples are made in similar 
steps as the round finger spool.

• A thin flat piece is machined (EDM) from a 
larger stock with extra 3 mm of material in 
the middle.

• The extra material is removed and RF 
fingers are created by wire EDM.

• Test pieces with 3 fingers are cut from the 
larger sample.

72 mm
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Test Set up

• The test samples were clamped in a precision vise with fixtures.
• Applied displacements and Uy were measured with Starrett dial indicators 

(resolution of 0.025 mm).
• All cyclic tests were performed with a transverse offset of 3 mm.
• For the initial preset cycle a slight pressure was applied to start buckling in 

the upward direction.

RF Finger
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Glidcop Sample CuCrZr Sample 

Cycle 392

Cycle 288Cycle 129

Cycle 130

Cycle 200
Cycle 80

Cyclic Tests - Pictures
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Cycles to Failure

Finger / Sample CuCrZr Glidcop 

Finger 1 130 268
Finger 2 199 288
Finger 3 222 392

Cyclic Test Results

• The fatigue life of all fingers tested was substantially higher than 30 cycles.
• Glidcop AL-15 fingers have a better fatigue life than CuCrZr fingers. This is 

probably related to higher ductility of Glidcop AL-15 used for fingers.

3 mm extension, 3 mm offset
15 mm compression
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72 mm

CuCrZr Extension = 5.46 mm  Elongation 7.6%
Glidcop Extension = 8.38 mm   Elongation 11.6 %

Ductility of the CuCrZr and Glidcop AL-15 Samples

Our stock plates of CuCrZr and Glidcop AL-15 have 
low ductility values.

Test Setup
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RF Finger Spool - CuCrZr

Setup with Inflatable Rubber Sleeve
Preset 
Compression 
(12 mm)

Fixture 
Distortion

Setup Problems:

• The spool was over compressed for preset 
causing kinks in the middle.

• The weak Aluminum clamping fixtures 
distorted during 2 mm extension.  This led to 
uneven stretching of the fingers.
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Glidcop Spool 1 Glidcop Spool 2

Taper 1 mm Radius

• Stronger clamping fixtures were used for the Glidcop RF Finger spools
• The initial compression for the preset cycle was lowered to 10 mm.
• In Glidcop Spool 2 the end tapers were removed to increase the lengths of 

the fingers from 72 mm to 90 mm

RF Finger Spools - Glidcop
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CuCrZr Spool Glidcop Spool 1 Glidcop Spool 2

Cyclic Tests - Pictures

• All spools had 2 mm extension and 2 mm offset.
• The spools were cycled at different levels of compression. 
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CuCrZr Spool Glidcop Spool 1 Glidcop Spool 2
Compressi
on(mm)

Cycles Compression
(mm)

Cycles Compression
(mm)

Cycles

10 30 10 132** 10 50

12 8* 12 60

14 27**

Cyclic Test Results

* Failure at the middle of the finger.
** Failure at the ends of the fingers
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Summary and Conclusions

• A new design of deformable RF fingers with fixed 
ends has been developed and tested.

• The design is based on large nonlinear deformation 
(including compressive buckling) of the fingers.

• The fingers can accommodate 2 mm of axial 
extension and 2 mm of transverse misalignment.

• The fingers provide for a smooth beam aperture 
without steps.

• The single piece design of the RF finger spool is 
easy to manufacture from CuCrZr or Glidcop AL-15.

• Glidcop fingers appear to have a better fatigue life 
than CuCrZr fingers.  
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Thank you 
for your attention.



<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


