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High energy beamline

AW230 + U22 FE diamond window Primary slits Si Laue Si Laue
' 1st attenuator Al-CRL Si Laue
Distance from source (m) 26 1279 29.1 31 (?) 33 (?) 37.8 41.8

ID source upgrading:
> AW230 + W3T
= AW230 + U22 (in-vacuum undulator)
Beam size reduction:
> HxV=27x2.7 mm? at 27 m
=> HxV=3.86x4.70 mm?2 at 27 m (much smaller in H)
New components, re-arrangement of some components
» New attenuator
» New primary slits (High Heat Load primary slits)
» Compound refractive lenses
> 15tSi Laue crystal re-arrangement

The European Light Source FEA analysis of heatload components /L. Zhang et al.
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Heat load distribution ID15, AW230g20, at 27m, 3.86x4.7mm’
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> Primary slits _ _
> Compound refractive lens vertical x (mm)
> Laue crystals
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ANSYS 5.7

AW230 + U22 FE diamond window Primary slits Si Laue
1st attenuator Al-CRL Si Laue
Distance from source (m) 26 126.3 27 29 30.5 37.8
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = = = =
FE model (with heat generation and cooling)

> Replace existing 4-mm thick Al-
attenuator

—Higher heat load
—Smaller beam size

> Al, Si, CVD SiC,...

> Gas attenuator (heavy noble
gases: krypton, xenon)

> LN, cooled Si attenuator

The European Light Source
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1st attenuator - static previous Al attenuator

Static design similar as present
Al-attenuator but smaller
center thin part, cooled on
outer ring

> Tma)(:2935 OC > melting pOint Tenperature Distrikution (C) ifzéfqiooﬁf

Tmax=2935, Twmnax=58.2C, Ptot=2264W, hov=., 01lW/mm2 /C AN bl SETRTREAR
9 Red uctlon Of beam Slze by Vbm=4.7, Hom=3.86, R1=4,R3=60
using of primary slits

=» Reduction of heat load by using
a pre-attenuator (Diamond
with gold coatings)

=>» Significant reduction of photon
flux

STEP=1
SUB =1

B0COROOEN

-» Alternate designs: rotating cup

isk
Or dls SiC attenuator for ID15, Gaus-V P=2221W, thin=4mm, VxH=4.7x3.886
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1st attenuator — rotating cup

Similar design as SLS rotating cup attenuator
> Thick=4 mm, 2300 W absorbed (LS. 7mm, 1850 W)
» Spreading heat load on the cylindrical surface of the cup
» Thermal radiation cooling + water cooled box
» CVD SiC, €=0.9, €-,=0.6 with copper black-oxidized

> T =1073 °C (SLS: 1800 °C)

max-cal —

Water-cooled
channels

Woater-cooled
copper cooling
Jjackets, fixed

Rotating cup
inCVD SiC
60x @100
Heat load spread
on the cup

The European Light Source

Temperature of the whole model (y-axisymmetry)

power lost to the environme = .241E-11 W

4-mm SiC rotating attenuator cooled by copper block for ID15
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1st attenuator — rotating disk

> Thick=3.5 mm, 2300 W absorbed

» Thermal radiation cooling + water
cooled case

» CVD SiC, €=0.9, €;=0.95 with Black
Paint on the stainless steel box

> Tmax—cal ~ 800 °C

60
rpm

Rotating disk
in CVD SiC 3.5x@100

300
rpm

Heat load spread
on the cup

e Water-cooled

< channels
eo

copper cooling
jackets, fixed

The European Light Source
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1st attenuator — rotating disk Transient temperature
of the disk with

different rotation speed
iug::ri:"gi?s;mmo Sic r-o1'a1'ing disk for ID15

Influenced parameters

. . 1000
> Diameter of the disk i
> Distance between the ™= | . 5001
X-ray beam axis and copr AR S 600 |
rotatl.ng axis S 400 | )
> Rotating speed -l 60rpm P
200 4l —300rpm — 300rpth |
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1st attenuator — rotating disk

|

water-cooled
Steel box

Black paint
(Nextel)

For X-ray
beam path

Rotating disk
attenuator assembly

Water cooled box ;
SiC Rotating disk \
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Installing on the beamline
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Primary slits — V5

= IR R "

AW?230 + U22 FE diamond window Primary slits Si Laue Si Laue
1st attenuator Al-CRL Si Laue
Distance from source (m) 26 126.3 27 29 30.5 37.8 41.8

Tungsten Carbide
> Placed after SiC attenuator

» Horizontal and vertical cutting plans
shifted in two sections

> Incident power density

—Pay;4w230 = 93 W/mm?
—Pay,, = 77 W/mm?
> Inclined angle 4° &> shorter

The European Light Source FEA analysis of heatload components /L. Zhang et al. Slide: 11
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Primary slits — V5

FEA model Temperature mapping
ime: 1. s IS ) ype: Temperature
21062007 093 Unit: °C

Time: 1

. Heat Flux: B. 21/068/2007 09:

L]
0.000 10.000 (mm) L' *
_———

5.000 10.00

» Heat load from U22+W230 (Pa,,,.w230 = 93 W/mm?)
> Cooling coef. = 0.015 W/mm?/°C
»  Toax= 329°C

The European Light Source FEA analysis of heatload components /L. Zhang et al. Slide: 12
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Primary slits — V5

Principal stress S1 stress S3
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67 32 -390.82
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Iv_". Ll.
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e —
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Smax-tensii = 203 MPa Smax—compressive = 1226 MPa
< UTS = 344 MPa < CYS = 2683 MPa
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High energy beamline

o 11 ————1 i ;
AW230 + U22 FE diamond window E Primary slits Si Laue Si Laue !
I 1st attenuator Al-CRL Si Laue :
Distance from source (m) 26 i 26.3 27 29 30.5 37.8 41.8 E
Cooling schemes:
» Side cooling with water
:}nm Parameters of parabolic lens Cooled Copper bIOCkS
Frame (hNSOOO W/mz/oc )
Convection cooling on
. the sides (h~20
=R=200 pm W/mz/oc )
~15 um .
Enhanced convection on
the outer ring with
Framecogtent(wez?ight%)i ) thermal radlator,...
7 ~ 2 /°
L (h~50 W/m</°C)
Al 12.4

The European Light Source FEA analysis of heatload components /L. Zhang et al. Slide: 14
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Al-CRL : heat load

Beam size: 0.4 mm x 0.4 mm

Volume absorption 3

FEM with wvolume absorption power ANEYE 2.0 15
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Al CRL for ID15:thk=15um,hcv=5.E-05 W/mmZ2/C,Pabs=0.4 W
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Al-CRL : FEA results (temperature and stress)

Temperature distribution (C)

Al CRL for ID15:thk=15um, hcv=5.E-03 W/mm2/C, Pakbs=0.4 W

BNSYS 9.0
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Stress Svm (MPa)

Al CRL for ID15:thk=15um, hcv=5.E-03 W/mm2/C, Pabs=0.4 W

> AI-CRL has to be cooled on the two sides with water

cooled copper block

» T..,.=29C, S, ..=86 MPa > safe

The European Light Source

FEA analysis of heatload components /L. Zhang et al.
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Temperature disgstribution ()

STEE=L

BOCCREENN

3.000 {rmrm) {

1.500 $1 Be CRL for ID1l:thk=15um,hcv=1.E-03 W/mm2/C, Pabs=0.56 W

> Cooled on outer ring by water-cooled-copper block in contact
> 1-mm thick copper washer between lenses

> 0.2 mm Indium foil to ensure the thermal contact between lens and
copper washer

The European Light Source FEA analysis of heatload components /L. Zhang et al. Slide: 17
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Conclusion

> Heat load components for ID15 beamline have been
reviewed

> 1st attenuator: CVD SiC rotating disk (installed),
cooled by thermal radiation

> New HP primary slits in Tungsten carbide (being
manufactured)

» Al-CRL: sandwich cooling structure, water cooled
on outer ring

The European Light Source FEA analysis of heatload components /L. Zhang et al. Slide: 18
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Date: Thu, 12 Jun 2008 00:33:28 +0200 [00:33:28 MEST] : A T — ;|

From: Veijo Honkimaki =honkimak@esrf.fr= [} o 5 SN, A
To: zhang@esrffr ' : o A/

Subject: uZ2

Headers: Show All Headers

rotating disk attenuator
Hi Lin,

I want ju=st to inform you that ewverything works
beautifully! The user=s =tart tomorrow

morning =studie=s on the buried interfaces and they have 11
times more flux than before

u=sing 70keV photon=. And the 51C ab=orber i= not
broadening the =ourcel!!l!l

Cheers Veljo
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