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What are the Limits for Ti-alloy?

What we know about Ti6Al4V:
@ Fatigue strength at 10M cycles: 510 MPa (unnotched)
@ Tensile yield strength: 880 MPa

@ Compressive yield strength: 970 MPa
@ Elongation at break: 14%

What we need to know/check:

@ Max. thermal stress induced by a beam pulse or few pulses at that
corresponds to elasticity limit

o We profit from an experiment done for the KEKB beam exit window
[T. Mimashi, IPAC2014, MOPRO024]

o Mimachi et al. estimate energy deposition and average temperature
rise at which the Ti window is damaged

o Calculate thermal stress to understand the results of KEKB
experiment and to use it as benchmark (topic of this talk)

@ Fatigue strength for Ti-alloy after long irradiation time <+
experiment is planned (more details at end of the talk)
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KEKB Beam

@ e~ beam energy: 8 GeV

@ Beam size on window: ox = 700um,
oy =10pm

Tail

@ Beam pulse: 1584 bunches

@ Bunch charge: 7.2 nC
(4.5-10'%¢~/bunch)

Y (mm)

@ Beam is moved in x and y directions
during the pulse by kicker magnets

@ For simulations: sweeping is described by
vertical (y) shift of every next bunch by
6um (see also M. Kikuchi talk at POSIPOL2014)
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KEKB Target

Idea: create an electromagnetic -

shower to reach high load in Ti

probes placed in the shower cletron beam
-+

@ Target consists of 10 Ti and 10 iron plates

@ Ti plate numbering ("-1" or "window" is 1st Ti, "0" is 2nd, "1" is 3rd and
S0 0on)

@ 100% Ti and Fe disks (r = 1cm) have been used for calculations of
energy deposition (FLUKA)

@ Thickness of Ti disk = 1 mm and thickness of Fe disk = 4.4 mm
(total iron thickness is 2.5 Xp)
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Results of KEKB Experiment

#Ti Radiation  Energy lé‘;:::‘gvj Ti Alloy Ti
Plate Length(Fe) Deposit Density (Imm) (1mm)
0 49 1.17 0.5 o 0o
0 05 114 1.17 13 o o
1 0.75 18.7 1.17 2.1 o 0o
2 1.0 286 117 33 o o
3 125 412 1.17 438 o A
4 1.5 56.5 1.17 6.5 A X
5 1.75 74.5 1.17 8.4 A X
6 2.0 95.2 1.17 10.9 A X
7 2.25 118.5 1.17 21.2 A X
8 2.5 144.6 1.17 25.8 A X

Surface color change or damage (bulging) has been observed for
Ti plates #4—#8
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Eqep in whole Exit Window Test System*
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Energy Deposition in Ti Window (#—1)

Energy Deposited by Bunch [GeV/(e~ cm?)]

in XY Plane PEDD per Bunch and Pulse
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Ti Plate #3: Egep per Bunch and Pulse

Bunch Y Size & PEDD
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Ti Plate #8: Egep per Bunch and Pulse

Bunch Y Size & PEDD
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Change of Beam X-Size

Egep vs X for Ti #-1 (window) Egep vs X for Ti #8
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Energy Deposition per Bunch

Total Energy per Bunch PEDD per Bunch
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AT and Max. Stress per Bunch, Bunch Size and

Bunch Overlapping

Temperature Rise and Thermal Stress Bunch Y Size and Bunch Overlapping

per Bunch Factor
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PEDD and Temperature Rise per Pulse
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Ti-Alloy Properties (ANSYS)

perties of Outiine Row 3: Titanium Alloy X
A B C D|E
1 Property Value Unit 3 |
2 % Density 4620 kg m~-3 HOD
3 |2 % Iotropic Secant Coefficient of Thermal Expansion ]
4 2 Coefficient of Thermal Expansion 9,4E-06 c~-1 =2 B
5 A Reference Temperature 22 [ H B
6 |2 {4 Isotropic Elasticty ]
7 Derive from Young's Mod... x|
8 Young's Modulus 9,6E+10 Pa = @
9 Poisson's Ratio 0,36 =
10 Bulk Modulus 1,1429E+11 Pa a
11 Shear Modulus 3,5294E+10 Pa ]
12 % Tensie Yield Strength 9,3E+08 Pa HOBo
13 8 Compressive Yield Strength 9,3E+08 Pa L = )is]
14 & Tensie Ulimate Strength 1,07E+09 Pa i (=]
15 & Compressive Ultimate Strength 0 Pa L |=li=]
16 %4 Isotropic Thermal Conductivity 21,9 wma-1ca-1 =0
17 %4 specific Heat 522 Jkg~1ca1 =
18 7 Isotropic Relative Permeabiity 1 o|
19 %4 Isotropic Resistivity 1,7E-06 ohmm HOD
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Tmax and max. Thermal Stress (static, von Mises)

Temperature Distribution (Window)

Stress
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Max. Deformation (ANSYS,

Total Deformation of Window
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Max. Dynamic von Mises and Normal Stress

ANSYS, Explicit Analysis

vM Stress Distribution in Window Max. Equivalent von Mises Stress

ANSYS
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Impact of Beam Size on Stress

von Mises Stress in Window for Egep von Mises Stress in Window for Egep
scaled according to PEDD scaled according to oy
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Stress Saturation?
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Stress "saturation" at downstream half of target system is connected
with increasing beam size
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Dynamic Stress

von Mises and Normal Stress Components at Window
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Target with Temperature Dependent Ti6Al4V Properties

Quasi-Static vM Stress
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@ Simulation performed to estimate the PEDD, peak temperature
rise and thermal stress in Ti-alloy targets induced by 8 GeV KEKB
e~ beam

@ 1 mm thick Ti-alloy target can survive a "single" beam pulse that
increases temperature up to Tmax ~ 1200 °C,
quasi-static von Mises oy max ~ 1300 MPa and
dynamic normal stress up to omax ~ 3400 MPa,
if Ti-alloy is Ti6AI4V and bunch shift is 6 um

Results have not yet been discussed with Mimashi et al.

Results are relevant for ILC e™ target, however:
@ Test for material thickness > 1 mm has to be done to extrapolate results
to ILC Ti-alloy target
(< 1 mm Ti target can be considered as "thin" or 2D)
@ Cyclic load has to be included
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@ We applied for a grant from the German ministry of science
(BMBF) to perform an experiment on long term irradiation of Ti
alloy and other materials at MAMI/MESA (Mainz). Partners are
University of Hamburg, DESY, University of Mainz and Technical
University Darmstadt.

@ Goals:

e Behavior of Ti alloy and other materials under cyclic stress

e Fatigue stress limits based on cyclic irradiation (instead of cyclic
mechanical load)

@ Official decision on project approval is expected in June 2015

@ Project duration planned for 3 years
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